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PREFACE

This report incorporates the wcrk done in a number of different efforts
to improve the Articulated Total Body (ATB) model's capability to
simulate human body biomechanics in verious dynamic environments,

especially aircraft ejection with windblast exposure.
The majority of modifications to the model fall intc six categories:

* wind force option

* joint drift correction

+ edge effect option

* multi-axis angular displacement vehicle motion
prescription

*+ slip joint option

* hyperellipsoid option

These improvements have been combined to form the ATB-IV version on the
Armstrong Aerospace Medical Research Laboratory's (AAMRL) Concurrent
cuomputer system at Wright-Patterson Air Force Base. AAMRL, Systems
Research Laboratories, Inc., and J&J Technologies Inc. and the National
Highway Traffic Safety Administration have all contributed to the

technical work described herein.
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1.0 INTRODUCTION

The Articulated Total Body (ATB) Model is used at the Armstrong
Aerospace Medical Research Laboratory (AAMRL) for predicting gross humen
body response in various dynamic ervironments, especially aircraft
ejection with windblast exposure. Aerodynamic force application and a
harness belt capability were added to the Crash Victim Simulation (CVS)
Program (Ref. 1), by Calspan Corporation in 1975 for AMRL (Ref. 2), and
the resulting program became known as the ATB model. In 1980, Calspan
made a8 number of modifications to the ATB model combining it with the
then current 3-D Crash Victim Simulation program to form the ATB-II
model (Ref. 3). Complete documentation of the program through the
ATB-1I version was performed by Calspan Corp. (Ref. 4). A new version,
ATB-1I1, was generated which included the improvements made by J & J
Technoiogies, Inc to model the body response to windblast for AMRL (Ref.
5).

A number of additional efforts have been made to improve various aspects
of the ATB-IJI model, with emphasis on its capability to simulate
aircraft ejection with windblast exposure as well as complex automcbile

accidents.,

I'his volume, User's Guide, contains updateu intormation for the ATB user
and a new input description for ATB-IV. Much of this volume is &
reprinting with modifications and updates of Volume 2 of Calspan's

report on the Crash Victim Simulator (Ref 4).

Section 2 of this volume gives a general description of the ATB model
and its structure. An overview of the ATB input data is in Section 3,
while a complete input description for ATB-IV.0 is in Section 4,

Section 5 lists the stops within the ATB model. A description of the
logical units used by the model including the time history and RSTART
options is in Section 6, and the appendices contain some example input

and output from the model.




2.0 GENERAL FORMULATION OF THE ATB MUDFI

The Articulated Total Body (ATB) Model is primarily designed tc evaluate
tte three-dimensional aynamic reeporse of & syeten of rigid bodies when
subjecteu to a dyrenilc envircnment consisting of applied forcee ard
interactive contact ferces. Althouph the ATB Model was criginally
developed to model the dynawic response of crash dummies and, with later
wodificaticne, the response of the human, the ATB Model is quite general
in nature and can be used to simulate & wide range of physical problems
that (er be approximated as a system of conmected c¢r free rigid bodies.
The ATB Model hLas been used to model such widely diverse physical
fhenomena as human body dyramics, the motion of the balls in s billerde
pame and the transient response of an MX missle suspended from cables in
a wind tunnel. This flexibility can cause the applicaticn of the ATE
program to appear tc be overly complex to the uninitiated user. The
purpos: of this discussion is to present some of those program featiures
that should be mastered to utilize the ATB program. Throughout this
discussion a number of input verietbles will be mentioned. A complete
description of these and other input variables is presented ir

Section 4,

To ovoid confusion between the overall bedy or object tou be modeled andg
tle ingividual rigid bodies that make up the overall bedy, fthroughcut
this report the tern "segment" will henceforth be used to refer to the
individual rigid bodies and the term "body" will refer to the overall
Locdy or object to be modeled. The approach used in the ATB Model to
rodel the human or manikin body (the "body" in the ATB Model simulaticn)
it to¢ consider the body 2. beinp segmented into individual rigid bodies
(the "segments" in the ATB Model) each having the mass of the body
between body joints or, in the case of single-jointed segments, such e
the foot, distal to the joint. An example would be the left upper arw
segment, which represents the mass of the body between the shoulder
juint and the elbow joint. Segments are assigned mass and
woments-of-inertia and joined at locations representing the physicel

jouints of the human body, such as the shoulder joint or the knee joint.
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2.1 (HAIN STRUCTURE OF THE ATB MODEL

The system to be simulated by the ATB Model can be made up of one or
more segments which may be connected or free. The system cean be made up
of a number of free segments, a number of segments coupled together at
joints or a combination of both. A body made up of coupled segments
should form an open chain or a tree structure. While this is not an
absolute requirement, closed chains may encounter computational
problems. One must also be careful not to exceed the maximum number cf
segments specified by the dimension statements of the program variables.

Currently this meximum is 30.

All body models are composed of a Number of body SEGments, NSEG, (NSEG
and similar terms refer to variable names in the ATB Model computer code
and are defined in the ATB Input Description, presented in Section 4.0),
and a Number of JoiNTs, NJNT, that are input parameters for a particular
simulation, Figure 1 depicts the 15 segment model with 14 joints that
is commonly used in car crash and aircraft ejection simulations. The
number of segments can be readily varied in the input without any code
modifications for up to 30 segments. In some cases a different number
of segments may be desired, for example, if an automobile impacting a
pedestrian is to be simulated, it is recommended that two more segmente
and joints (for the hande and connecting wrists) be added to accommodate
the initial contacts of the hands with the hood of the impacting
vehicle. Another common variation of the 15 segment body is to break
the upper torso into two segments, jointed at the sternum to better

accommodate motion of the shoulder complex.

Whatever the specific body model, the procedure to construct the body
remains the same. The body is assembled as a chain of individual
segments. For more complex bodies, as for the 15 segment body, the body
can take on a tree-like structure, with several cheains (here
representing the arms and the legs) branching out from several connected
segments. The principal limitation to this approach as implemented in

the ATB Model is that no closed loop for interconnected segments should
4
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Figure ! Fifteen Segment Body Configuration




be allowed. An example of a closed loop would be if the two segments
representing the right and left lower arms were to be connected by a
joint. Thie would result in a closed loop composed (in the 15 segment
body) of the upper torso, left upper arm, left lower arm, right lower

arm and right upper arm.

The body segments and joints are assigned identification numbers, i = 1
to NSEG for the segments and j = 1 to NJNT for the joints. The
assignment of the identification numbers is somewhat but not completely
arbitrary. They are used along with the one-dimensional array, JNT(;)
for 1 = 1 to NINT, to define the connectivity of the segments by the
joints. First, a base or reference segment is chosen as segment number
1. Although the reference segment may be any of the segments, it has
been found that for the 15 segment body model the lower torso (LT) is
the best choice for the reference segment. When the ATB Model was firct
developed, the head (H) was chosen as the reference segment. However,
it was found that the erratic accelerations of the head caused numerical
problems with the program integrator and that it was more beneticial to
use a more stable, nonextremity segment, hence the choice of the lower
torso as the reference segment. A generalization of this result is the
recommendation that, regardless of the body model, the reference segment
be chosen to be one that undergoes the least accelerations of uny of the

segments and/or is the heaviest segment,

Once the lower torso is selected as the reference segment and designated
as segment number 1 the first joint must then be selected and numvered
as joint no. 1. There are three segments, the center torso (CT), the
left upper leg (LUL) and the right upper leg (RUL), that must be
connected to the lower torso for the 15 segment body. Any one of the
three joints that connect the above segments to the center segments can
be assigned as joint number 1. Normally the joint connecting lower and
center torsos is chosen as joint number 1. The requirement for
sequential numbering of the segments results in the center torso being
designated ag segment number 2. The genersal logic behind this numbering
scheme is the relationship JNT(j) = i, where "j" is the joint number,
"i" is the segment number that is to be joined together with segment

6




number 3 + 1. JNT(j) is an array within the ATB program that stores the
segment number of the proximal segment for the jth joinr. 1In the
context of the ATE Model, a proximal segment is the segment ut & joint
that is nearest to the reference segment whereas a distal segment is the

segment further from the reference segment.

Succesvive segment and joint identification numbers are assigned with
the provicion that each new cegment ussigned be connected to &
previously assigned segmernt (the corresponding restriction within the
program is that the value of JNT(j) must be less than or equal to j).
Ccntinuving this process produces the identification and connectivity
assignments of Table 1 &s one possible arrangement. It is obvious thet

this arrangement is not unique.

The logic of connecting segment j + 1 to segment JNT(j) = i prevents the
constructicon of closea chains via the joints. The restriction,

JNT(3)= 4, allows for the possibility of specifying JNT(j) = 0. The
ATR program utilizes this concept to signify that joint No. j will be a
null jcint and that segment No. j+1 will be the refererce or base
cegment of e&nother body. This permite the specification of multiple

bodies thet remain cisconnected or free.




TABLE 1: Segment and Joint Assignments and Connectivity

i Sepment Name Symbol ] Joint Name Symbol JNT(j) €onnects
1 Lower Torso LT 1 Pelvis P 1 LT - CT
2 Center Torso CT 2 Weist W Z CT - UT
3 Upper Torso uT 3 Neck Pivot NP 3 UT - N

4 Neck N 4 Head Pivot HP 4 N - H

5 Head H 5 Right Hip RH 1 LT - RUL
6 Right Upper Leg RUL 6 Right Knee RK 6 RUL - RLL
7 Right Lower Leg RLL 7 Right Ankle RA 7 RLL - RF
8 Right Foot RF 8 Left Hip LH 1 LT - LUL
9 Letft Upper Leg LUL 9 Left Knee LK 9 LUL - LLL
10 Left Lower Leg LLL 10 Left Ankle LA 10 LLL - LF
11 Left Foot LF 11 Right Shoulder RS 3 UT - RUA
12 Right Upper Arm RUA 12 Right Elbow RE 12 RUA - RLA
13 Right Lower Arm RLA 13 Left Shoulder LS 3 UT - LUA
14 Left Upper Arm LUA 14 Left Elbow LE 14 LUA - LLA
15 Left Lower Arm LLA




2.2 REFERENCE COORDINATE SYSTEMS

The ATB model utilizes many reference coordinate systems with respect tou
which points in space and directions are calculated within the program.
Considerable flexibility in the choice of coordinate systems and their
specification for both input and output are available. The primary
coordinate systems used in the model are the inertial, vehicle, local
body segment, principal, joint and contact ellipsoid reference
coordinate systems. The specification of each reference coordinate
system requires an origin and a direction cosine matrix (usually
initially specified by three rotation angles, yaw, pitch and roll) which
relates one reference coordinate system with respect to another. All

coordinate systems discussed in this section are orthonormal.

2.2.1 Inertial Reference Coordinate System

The ATB model assumes that the coordinates of the origin of the inertial
reference coordinate are zero and all other coordinate systems are
specified with respect to this system. The user may equate the origin
of the inertial reference coordinate system to any convenient point from
which his data are referenced. The frame of reference is arbitrary and
is partially specified by defining which way is down by the values
supplied for the components of the gravity vector. It has been
customary to supply (zero, zero, g) as the components of the gravity
vector to specify that the positive Z axis is pointing downward. Hence,
in terms of a standing man, the force of gravity would be pointing in
the direction from his head to his feet. The forward direction
(pointing from the back of the standing man to his chest) is taken as
the positive X axis and (by the right hand rule) the positive Y axis is
it the lateral direction (pointing from the standing man's left side to
Lis right side). However, the user may specify any frame of reference
that suits his application, one with which he is more familiar, or in

which his input data has been measured.

It is sometimes necessary that contact surfaces (planes or ellipsoids)

be located with respect to the inertial reference coordinate system,

9




e.g., the ground for pedestrian simulations. Since the program assumes
that contact surfaces are associated with segments, a special segment
identification number (NGRND) is used within the program for this
purpose. NRGND is the largest segment number used by the program and is
assigned the value NGRND = NSEG + Number of air BAGs (NBAG) + number of
vehicles + 1 and essentially corresponds to the inertial coordinate
system. The linear position and velocity for this artificial segment
are set to zero and its direction cosine matrix to the identity matrix
throughout the duration of the program. This permits the use of segment

NGRND for the attachment of contact surfaces.

2.2.2 Vehicle Reference Coordinate Systems

Up to six vehicles with specified motion can be defined. Th:z primary
vehicle is the last vehicle defined and is different from the other
vehicles in that it serves as the default reference coordinate system
for several types of input and output. Most of the contact panels are
usually defined with respect to this system and much of the output
(printer plots and tabular time histories) can be produced with respect
to this system to correspond with photographs and drawings with respect
to the vehicle. The origin of each of the vehicle coordinate systems is
arbitrary, and any convenient reference point may be chosen for which
input and output data would be most meaningful. The locations of the
vehicle origins with respect to the inertial reference coordinate system
origin are specified by XO. Again, the fremes of reference (the
directions of the positive X, Y-&nd Z axes) are arbitrary and shoulc be
choser. to accommodate available input data. The initial velocities and
direction cosine matrices are determined from the options available to

specify vehicle motion.

A special segment identification number is assigned for each of the
vehicles where NVEH1 = NSEG + 1, NVEHZ = NSEG + 2, etc. so that each
vehicle may be treated like other segments for segment assignments for
contact surface specifications. However, no matter how large the
computed contact forces and torques are on these vehicle segments, the
prescribed motion of the vehicle segment will not change.

10




2.2.3 Body Segment Locel Referemce Coordinate Systems

Each body segment has a local reference coordinate system which is
sometimes reterred to as the segment geometric coordinate system. Each
body segment has a mass and principal moments of inertia. The local
reference coordinate system has its origin at the segment mass center,
the principal moments of inertia are with respect to this origin and the
principal axes for the principal moments are specified with respect to
the local reference system. The (hyper)ellipsoidal contact surface
origin and orientation is also specified with respect to the local
reference system. There is no direct association within the ATB model
of the segment inertial properties and the (hyper)ellipsoidal contact
surface that can be associated with the segment. Unlike the vehicle
segments, a body segment can have up to six degrees-of-freedam and its
Kinematics are computed based on the dynamic interactions the body
segment experiences during a simulation. A body segment can be given an
initial position, orientation, and linear and angular velocity and its
motion is then computed for the remainder of the simulation subject to
any imposed constraints (e.g. number and type of joint) and applied
forces. The motion of the body segments can not be specified unless the

body segment is also defined as a vehicle.

To provide & means for the body segments to interact with the
environment, one or more contact (hyper)ellipsoids can be attached to
each body segment. These contact (hyper)ellipsoids are what the user
sees in the various graphics of the ATB model and generally correspond
closely to the physical dimensions of the actual object that is to be
modeled by the body segment. The contact (byper)ellipsoids have no mass
or moments of inertia, they are solely for the purpose of providing the
body segments with a means of interacting with surrounding enviromment.
Contact planes can also be attached to the body segments to provide
another way for the body segment to interact with the enviromment.
While the orientation of the segment local reference coordinate systems
can he arbitrarily defined, the standard convention has been to choose
the axis su that when the body is in an upright standing position with
11




arms at the side, the Z axis is dowrward, the X axis to the front and

the Y axis is to the body's right.

2.2.4 Body Segment Principal- Coordinate Systems

The dynamic equations in the ATB model are solved in terms of principal
axes. All three-dimensional bodies have an inertia tensor. Six of the
nine inertia tensor elements are independent, therefore it is a second
order, symmetric tensor. Any body has three principal directions for
which there are three moments of inertia, corresponding to the diagonal
elements of an inertia tensor when all the off-diagonal terms are equal
to zero. The segment principal coordinate system axes correspond to the
three principal directions, thberefore only the three principal moments

of inertia must be specified.

The principal axes are fixed with respect to the segment local reference
axis and their orientation must be specified only once. All other model
input and output referring to the segments is in terms of the body
segment local reference coordinate system. After input, the ATB model
converts all data points expressed in the local segment reference
coordinate system to principal coordinates and, prior to output, back to
the local segment reference coordinate system in a manner that is
transparent to the user. Therefore, when the input description (Section
4,0) refers to local body segment reference, the local and not the
principal moment of inertie reference coordinate system ie implied.

Note that for some cases where the principal axes are aligned with the

local reference axes the two are coincident.

2.2.5 Joint Reference Coordinate Systems

Because of the mathematical formulations used by the joint force and
torque computation subroutines within the program, it is necessary to
define two coordinate systems for each joint, one rigidly attached to
each of the body segments that are connected by the joint. As described
above, these two body segments are identified as segments Nos. JNT(j)

and j+1 for joint No. j. SR, the origin of each joint reference
12
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coordinrate system (c¢r the locetion of the Joint) i1s opeciftied in the
body segment local reference veordinste systems for both segment Now.
IMT(3) and j+l. Tbe orientaticvs of the joint axie systems are
specified by retaticen angles (yaw, pitch and roll) frowm the local fraue

of reterence for Lotl of these segments as YPRD end YERU.

Joint forcel and torques ave computed by the £TB preogrem as a function

of the relative cricntetion of the twe coordinete systers at the joint.
The joint coordinete sgystem associated with the JNT(]) segment is used

as the base 1eference systen tor detecmining the joint psrameters.  For
[an jeinte the Y-axis is the axis of rotation., For ball and socket

jeints, tree joilnts and jeivts using the jJoint functior, flexure or

thetea 1s the ongic Dotween thie two Z-ares wbile aziput! or phi is tle

engle between the base Y-exi: and tbe projection of the i+1 Z-axis into
the X-Y base plane, and twist is rotation ebout the base Z-axis. For
Euler jcints precession, nutaticn and spin are defined as the rotaticns
from the base joint coordinate zystem to the j+1 joint ccordinate
system. fFor slip jolute, the linear acticn is al .rg; the lonc Z-axis,
Further cdeecriptions ef the joint types and thelr axes systems car be
feund in Velume 1 of Referverce &, Srevion 2 of Reference 2 and Sectior 6
cr Veluse 1 of thio report.,

£ezen Lourect (FyperjFilipscid Reference Coordinete Systews
The ATE model hae an optior to ettech contact (hyper)ellipsoids to the
body segments, vehicle segments or to the ground (inertial) segment.
Trese contact (byper)ellipsoids are for contact purposes only. They
tave no mass ¢r moments of imertiz and hence no dynamic response. They
eve rigidly attached tou o segment 2t & polit and with an oriertaticn
specified with respett to the segnent's local reference coordinate
systes., The contact (hyper)elliproid coordirate system is formed by the
ttree orthogonal semi-axes of the (hyper)ellipeoid, with the ccordinate
eysten 't (1igin at the geametric certer of the (hyper)ellipsoid.

The contact (hyper)ellipsoid is avtached t¢ o vegnent by specifying an

cfteet vector wiidcl originagtes &t the origin of the sepnent’ts lecal




reference coordinate system and ends at the point in the local
ccorcinate system where the center of the contact (hyper)ellipsoid is to
be attached. The orientation of the contact (hyper)ellipsoic ie
specified by rotation angles with respect to the local reference system.
It no rotaticn angles are specified for the contact (hyper)ellijsoig,
the X, Y and Z semi-axes of the contact (hyper)ellipsoid are acsumed to
coincide wirl the X, ¥ and Z axes of the local reference system of the

segment to which the contact (hyper)ellipsoid is attached.

Cortact hyperellipsoide can be used for hyperellipsoid/hyperellipsoid
contacts and hyperellipsoid/plane contacts, but only simple ellipsoids
can be used for belt/ellipscid contacts, harness belt/ellipscid contacty
or air tag/ellipsoid contacts (where the air bag is a special type of
contact ellipsoid). More that one contact (hyper)ellipsoid can be
attached to one local (body, vehicle or ground) segment. The ccntact
ellipsoids originally defined with the segments are those depicted by
the VIEW program. Additional contact (hyper)ellipeoids specified later
14 lhe input can not be drawn by the current version of the VIIW

graphics program (Fef. 6).

Tne only input date gpecified in terms of the contact (hyper)ellipsoid
coordinate system, besides the (hyper)ellipsoid semi-axes, are those for
the simple belt and harness belt algorithms. The belt points that
contact the surface of a contact ellipsoid are specified in terms of the
contact ellipsoid coordinate system. This is a physically realistic
situation since one would expect both the simple and harnees belts to
lie on the surface of a body segment, which ie nodeled as a contact

ellipsoicd.

2.2.7 Appliec Force and Torque Coordinate_gyfyems

The ATB model has the capability to apply time-dependent fcrces and
torques to body segments. A force/torque couordinate system is defined
cuch that a positive force is applied in the positive X direction of thy
force/torque coordinate system and 8 positive torque is applied abceit

the positive X axis of the force/torque Ccordirate system uging the

14
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right hand rule. The origin and orientation (rotaticn) of the
terce/torque coordinate systems are specified with respect to the local
tetemence coordingte system of the segment to which the force/torgue i

tu be applied.

2.3 DIMENSIONAL UNITS AND GRAVITY

Before any body or vehicle date can be considered for input to model,
the user must decide which units of measurement are to be used for the
sipulatior and in which direction, relative to the inertial system, the

gravity field is to point.

2.3.1 Selecting Dimensional Units

The units of measurement for the input data (i.e. pounds/inches/seconds
or rewions/meters/seconds) must be chosen. The choice is arbitrary and
there is no default, but once the selection is made, all input data wust
be¢ in the same units. Choosing the units of measurement for the input
data alsc automatically specifies the units for the output data. The
units of measurement are selected by supplying the alphanumeric names of
the abbreviatione for the units of force (UNITM), distance (UNITL) and
time (UNITT). These input parameters are used to annotate the ATB wodel
output, including the listing of the input on the primary cutput file

(FORTRAN logical urit 6).

The units of measurement used in the ATB Input Description for
illustrative purposes are pounds, inches and seconds. These unite were
selected at the time of the initial development of the model when most
available data were in thesge units. These particular units were
gelected cn the Lasis of convenience conly &rd should nct be considered
as the standard units. Although there are no official units, the format
(field width and number of digits following the decimel) fcr verious
output items were established on the basis of the expected magnitude of

output for a simple car crask type simulation, assuming the pound, inch
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and second measurement system. Hence it is possible that a different
choice of units may result in output thet, while numerically correct,

may not have the desired output format.

Note that mass units are not required for input and output purposes,
although they are assumed internally by the program. This is
accomplished by supplying the weight of the body segments using the
force units. The ATB program converts these input values to mass units
by dividing these force units by the value of the acceleration due tu
gravity which must be provided as input. Unfortunately, an
inconsistency was introduced during the early development of the program
for the input units required for the principel moments of inertia (FPHI1).
In retrospect, the units for the principal momente of inertia should
have been weight (force) multiplied by distance squared, and the input
values converted by the program by dividing by the acceleration due to
gravity, as is done for the segment weights. As the input is now
established, the required units for these principal moments of inertia
are weight (force) multiplied by distance multiplied by time squared,
which is equivalent to mass multiplied by distance squared. This
inconsistency has never been removed because its removal would

invelidate many already established input files.

2.3.2 Specifying Gravity

Once the units of measurement have been selected, the user must next
define what is meant by the inertial coordinate system. As discussed
earlier the inertial coordinate system is the coordinate system to which
all other coordinate systems are referred and it is within this system
that Newton's laws hold. The inertial coordinate system of the model is
assumed to be at rest, but is designated as a segment called the ground
segment with its segment number given by NGRND. Defining the inertial
coordinate system means specifying which direction, with respect to the
inertial coordinate system, is considered to be "up" and which directioun

is considered to be "down".
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Most whole body simulations have had "down", meaning the direction an
object would travel if subjected to gravity alone, aligned with the
positive Z axis. This would be specified in a simulation as defining
the gravity vector GRAVTY, as (0, 0, g) where g corresponds to the

standard coefficient of gravity at the surface of the earth.

The gravity field defined by GRAVTY is assumed to be constant throughout
space and time in the ATB model and is applied to all segments that are
given a nonzero weight., The magnitude of the vector GRAVTY is used tc
compute the masses of the segments from their supplied weights. If the
user wants to simulate the motion of an object in a zero gravity field,
such as a spacecraft in deep space, the gravity vector would be supplied
as GRAVTY (0, O, 0). The magnitude of this vector is obviously zero so
computation of the masses of the segments from their weights would not
be possible using the magnitude of GRAVTY. To circumvent this problem,
the user has the option of supplying G. G represents a factor by which
the weights of the segments will be divided to yield a mass. If G is
supplied as nonzero, the ATB program will use the value of G rather than
the magnitude of GRAVTY to compute the masses of the segments. G must
be nonzero when GRAVTY (0,0,0) is used. For the case when the magnitude
of GRAVTY is nonzero and G is also nonzero, the program will apply the
vector GRAVTY to all segments with a nonzero mass but the weights of the

segments will be comnverted to mass by dividing by G.

2.4 INITIAL POSITIONING OF THE ATB SEGMENTS

In addition to the specification of the inertial properties and coupling
scheme of the segments, the initial position and velocity of the body
segments must be provided. The ATB program requires the initial
position of the c.g. of the base or reference segments in the inertial
teference coordinate system and the initial orientation of each locel
body segment to be specified. For the total body free in space thie
process can be relatively straight forward, however, when body
interactions with the surrounding enviromment (for example, seat and
floorboard contracts) have to be taken into account the process can
become fairly involved. The reason for this is that the body must
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initially be in static equilibrium and this equilibrium depends on the
balancing of gravitational forces by contact forces. The latter arve
highly position dependent and must be properly chosen to avoid large
initial segment accelerations. Two general methods can be used to
achieve initial equilibrium. The first is an iterative adjustment

process and the second uses an internal equilibrium routine.

42.4.1 Iterative Positioning Method

The iterative method requires initial prescription of the inirial
position and then the execution of a simulation to zero time. This cen
be done by setting NSTEPS to zero, and by supplying & nonzero value for
NPPT(3). A tabular printout of all of the external forces and torques
and resulting linear and angular positions and accelerations is produced
for time zero. Then the user adjusts the positions based on the initial
angrlar and linear accelerations and the contact forces. This pracedure
usually requires several iterations to insure that the body is in static
vquilibrium with its enviromment which is determined by the absence of
large accelerations for any of the body segments. Perfect equilibriuw
is generally not attainable for the seated or standing position,
however, small initial accelerations are tolerable, especially if they
are much smaller than the accelerations induced by the dynamic

environmental conditions under study.

2.4.2 The Equilibrium Routine

Arn equilibrium option has been incorporated into the ATB program to
assist the user in achieving this initial equilibrium of the body
segments. It has been designed in a general manner to solve any
equilibrium problem, but can be exceedingly complex to use. The input
deccription (Section 4.0) describes a procedure designed at Calspan that
produces equilibrium (zero accelerations on all body segments) for 1
typical seated occupant configuration. It utilizes an automatic
multiple iteration procedure that simulates the adjustments a body makes
to comfortably <eat itself inside en automobile seat configuration. It

i« suspected that the resulting configuration is unique for the set of
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specified contact forcee desired. To adapt this procedure to other
configurations, it is necessary that the body segments not be over ci
under constrained as determined by the contacts allowed, locked joints
and the imposition of rolling and sliding constraints. Supplying the
proper input for the general case 16 not & simple matter, but following
the instructions described in the input description should greatly
assist the initial positioning of a seated occupant in a standard

automobile or ejection seat configuration.

2.5 TIME AND OUTPUT CONTRCL OF THE ATB PROGRAMS

Time control parameters must be specified for each simulation. These
parameters control the length (simulation time) of the run, the amount
and format of the output, the tabular time histories, and operation of
the program integrator. Although the program places no restrictions on
these input perameters, a judicious choice of the parameters can improve

calculational efficiency and numerical stability.

The primery control of time is performed by the Main Program of the ATB
program. Here, after all input and initialization is performed, time isg
advanced in steps of DT seconds by calling the program integrator.

After each DT time step, control is returned to the main program where
the print indicatcrs NPRT(1) thru NPRT(7) are tested to perform optionsl
outputs. This is done for time zero and at each integral (one thru
NSTEPS) multiple of DT seconds of simulation time. The total simulation
time is therefore NSTEPS*DT seconds where NSTEPS and DT are input
perameters. The values of NSTEPS and DT should therefore be chosen so
as tc provide the desired length of the simulation and amount and

frequency of output data.

A secondary control of tire is performed by the program integrator,
subroutine DINT. This is controlled by the supplied values for HO, HMIN
and HMAX. The integrator advances time in substeps of H seconds
gtarting with HO and varying between HMIN and HMAX. H is halved when
convergence of the integrator parameters is not achieved, but H is not

permitted to become less than HMIN, If convergence is not attained with
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a HMIN time step the simulation stops. If the convergence criteria arc
satisfied for several integration steps, H is increased by 2. This can
continue until the integration step reaches HMAX. Although not
absolutely required, it is best that DT be chosen an integer multiple of
HMAX so that the DT time step will be executed in equal HMAX substeps
during periods of stable activity. Also, since the value of H is
permitted to double during these stable periods or be halved during
unstable periods, the integrator will execute more efficiently if HMAX

is a power of two multiple of HMIN and HO.

It has been observed that suitable valuee for HMAX lie between one and
tive msec for most occupant and pedestrian simulations. Generally,
values for DT of 0.002, 0.004, 0.010 or 0.020; HMAX of 0.001 or C.002;
and HMIN and HO of 0.000125 or 0.000250 seconds work satisfactorily. It
is possible to execute the integrator in a "fixed step mode" by settiry

HMAX = HMIN = HO, but this is not recommended.

Une other input perameter is worth mentioning here, namely NDINT. The
integrator basically performs NDINT iterations of functional evaluations
at both the midpoint (TIME + H/2) and endpoint (TIME + H) of the current
time substep with convergence being tested after each endpoint
evaluation. Although some writers have suggested that only one is
necessary for the value of NDINT, it has been observed that an even
number works better (because of the behavior of the integrator) and that
extra evalustions, in an attempt to achieve convergence, are less costly
than permitting the integrator to halve the time step. Therefore, a

value of 4 or 6 for NDINT is recommended.
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3.0 ORGANIZATION OF ATB INPUT LATA

The input for the ATB program is conteined in a single primary input
file (FORTRAN Unit No 5). It is a formatted file, structured in a fixed
80 column card format of alphaenumeric data input. Each record of the
file therefore corresponds to the contents of an input card that has a
unique identification (e.g. input Card A.l.a). This produces a modular
form for the contents of &n input file for the ATB program. For
example, the A input cards contein the general run parameters, the B
input cards contain the inertial and geometric parameters that define
the segments and joints of the body, the C cards contain the parameters
that define the vehicle motion, etc. Since most computer systems permit
the concatenation of files, the input file for the ATB program could
possibly consist of several previously cor. ructed files that are
concatenated in the proper sequence at exe ution time. The modularity
of the input makes it possible for complete sets to be replaced by

existing sets that have been previously used.

The ATB program has innumerable options available to the user, and each
characteristic generally consists of a predefined number of parameters.
For example, the crash victim body consicts of a variable number of
regments and joints specified by NSHG and NJNT supplied on input Card
B.1 that, in turn, control the nunber of B cards to follew. Therefore,
the structure of any ATB program input file or deck is variable and is
completely specified by previously supplied perameters. Some input
cards are always required, others are needed only for previously
specified parameters, and, in mosi cases, the number of cards within any
given set is determined by a previously defined parameter., Because of
this variable structure for the input deck, & fixed format for the
jrogram input that is common for many computer programs was not used.
In fact, ATB program input decks mey be as small a¢ 15 or 20 cards and

as large as 700 or 800 cards.

During the input portion of the ATB program, considerable program
inmitielization is performed that, ir some cases, changes the actual
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supplied input (e.g., degrees are converted to racians) and & completely
annotated listing of the program input is produced on the primary output
unit (FORTRAN unit No. 6). It is suggested that, as one firet attempts

to read the input description for the ATB program (Section 4.0), they

have one of the primary output listings available to assist in the
initial understanding of the many program features that are available

and the manner by which they are controlled within the program.

Following is a summary of all of the input cards. A complete
description, giving the formet for each card, the conditions that
specify its neceesity, the input parameters to be sipplied c¢n cach card
and a definition of each of these parameters, is presented in Section

4.0.

A. Run control parameters

A.l.e~c Date, restart control, run deecription

A.2 Variable changes for restart procedure
A.3 Dimensional units, components of gravity
A4 Integrator parameters

A.5 NPRT array for output control

B. Physical characteristics of the body

B.1 Body title, No. of segments end joints
B.2.a~b  Physical characteristics of body segments

B.3.a-b  Physicel characteristics of joints

B.4 Joint spring function coefficients
B.5 Joint viscous function coefficients
B.6 Integrator convergence tests for body seguents

B.7.a-b Controls for flexible el ements

C. Prescribed segment (vebicle) motion

c.1 Vehicle motion title

C.2.a-b Prescribed motion control parameters
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c.3 Unidirectional deceleration tables
C.4 Six degree of freedom deceleration tables
C.5 Spline fit tables

D. Contact surface and other environment definiticne

D.1 Number of contact panels, belts, airbags, etc.
D.2.a-d Plane description and input dets
D.3.a—¢ Simple belt description and input data

D.4,a-t  Airbag description and input data

D.5 Additional (hyper)ellipscid contact surface
input data

D.6 Constraint and tension element input data

D.7 Body segment symmetry opticns

D.8 Spring damper input data

D.9 Applied force/torque function input data

F. Function definitions

E.1 Function identification number and title
F.2 Function definition control parameters
E.3 5th degree polynomial coefficients

E.4.a-b Tebular function definiticn
E.5 (No longer required by program)
E.€.2~d Wind force functions input data

E.7.a~d Joint force functions input date

F. #llowed contacts and associated functicre

F.l.a~b Menu for plane-segment ccntact functions

F.2.a~b Menu for belt-segment contect functions

F.3.8-b Menu for segment~-segment ccntuct functions
F.4.a~b  Specifications for globalgraphic joint functions
F.5.« Specifications for joint forces option

23
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F.o Allowed oirbag-segment contact definitions
F.7.a-b Wind force functions specifications

F.8.a-d Harness-belt systems input data

G. Initiel positioning input

G.l.a-b  Printer plots contrcl parametere

G.2 Initial pesition and velocity for reference
segments

C.3.a-b Tnitisl segment sngular orientaticn end velocity

input data

G.4 Equilibrium contrcel parameters
G.5 Equilibrium control assignments
G.6 Equilibrium constreirnt assignments

H., Tabular time history cutput ccntrol purametetrs

H.l.a-b Linear accelerations of selectcd peints on
segments
H.2.a-b Linear velccities of selected points on seguents

H.3.a-b Linear positions of selected points on segmertc

H.4 Angular accelerations of selected segments
H.5 Angular velocities of selected segments

H.6 Anguler orientaticns of selected segmenty
H.7 Joint parameters for selected joirnts

H. 8 Wind forces on selected cegments

H.9 Joint forces and torques for selected joiut:

H.10.a-b Propertiee of selected sets of segmente

H.11 Parameters for HIC, HSI and CSI computeticie

I. Specifications for Celcomp plots

1.1 No. of plots and Y variables pex plut
1.2 X and Y variables to be plotted

1.3 Parameters for horizontal (X) &xis
I.4 Parameters for vertical (Y) axis
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1.5
I.6
1.7
7.8

X axis label
Y axis label
First line of plot letel

Second line of plot label
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4.0 INPUT DESCRIPTION FOR THE
AAMRL ARTICULATED TOTAL BODY MODEL
ATB-1V.0
JULY 1988

The following is an input descoription for the Articulated Total
Body (ATB) Model. Both the input description and ATB Model are
available from the Modeling & Analysis BPranch, Biodynamios &
Bioengineering Division, Armstrong Aerospace Medical Reszearch
Laboratory, Wright-Patterson Air Force Base, Dayton, Ohio
45433-6573, [(B813) 255-3065]. The ATB Model is the Air Foroe
sponsored enhanced version of the Crash Victim Simulator (CVS)
Model developed by Calspan for the Department of
Transportation. All revisions and enhancements to previous
versions of the ATB Model are denoted by the symbols below.

i.}! Symbol Key:

A line with any of the symbols °“t°, “@0°, "X’ or °"8° to the
right of it indicates that a change has been made to the input
description since the version described in Calspan Report No.
78-5881-V-3, ‘Validation of the Crash Victim Simulator’, Volume
3, User's Manual, February 1082.

The symbol °!° indicates that a change has been made to the
input description to correct, clarify or update the text of the
input description or to make the input description more
consistent with the ATB code. It does not indicate a change to
the actual input to the ATB Model.

The symbol “0° indicates that a change has been made to the
input description for an already existing card in such a manner
that previous input decks are still acceptable as proper input
for the current version of the program if no modification is
made to the previous input deck. The symbol °@° essentially
indicates a new feature or option of the ATB program that is
not affected by previous input decks unless the input necessary
to activate these features is included in the input deck.

The symbol ‘X' indicates that a card has been added to the ATB
Model input in such a manner that previous input decks are
still acceptable as proper input for the current version of the
program, provided that a blank card is inserted where the new
card is required.

i-1 Rev IV.0
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The symbol "8° indicates that changes in format or content are
required to previous input decks to be acceptable as proper
input for the current version of the program.

The following additional special symbols are used throughout
the report:

‘8" is used to indicate ‘not equal”.

“¢(" is used to indicate "less than’.

") is used to indicate “greater than’.
*i1° is used to indicate "sbsolute value’.

1.2 Revisions and Updates

This version of the ATB Input Description has been reformatted
to permit individual pages to be updated without requiring that
the entire input description be reprinted. Therefore, future
updates will include only those pages affected and a complete
new input description will not be printed. Any change symbol
on pages with revision number IV.0 denote changes to the input
description from the Calspan report mentioned above. Future
updates will be designated with a revision number on the
specific page of the change. The {irst page of the input
degcription will also be updated for each revision to show the
current version number of the input description.

1.3 Description of FORTRAN FORMAT Statements Used

At the beginning of the degoription of each card appears the

FORTRAN FORMAT statement that specifies the structure of the

input image for that card. The only format codes used by the
ATB program are:

nFw.d (F to describe real data fields)

nlw (I to describe integer data fields)

nAw (A to describe alphanumeric data fields)
wX (X to indicate a field to be skipped)

where: n, w and d are unsigned integer constants

n - is optional and is a repeat count used to denote the
number of times the format code is to be used. 1f n
is omitted, a value of one is assumed and the code is
used only once.

w - specifies the field width (number of columms on the
card) .

i-2 Rev IV.0
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d - normally specifies the number of decimal places to
the right of the decimal point, i.e., the fractional
part of the number. However, a decimal point supplied
within the field will override the d specification.

/ - is used to indicate the end of a card image and that
the remaining fields are to be supplied on a
succeeding card.

All variable names used follow the standard FORTRAN naming
convention, i.e., those variables where the first letter of
their name is A-H or 0-Z are real (actually double precision on
IBM, UNIVAC, Data General and P-E computers and single
precision on CDC computers) and those with I-N as their first
letter are integer.

All real data have a Fw.0 format code which requires the use of
a decimal point within the specified field to override the d=0
specification. On most computers F, D and E format codes are
completely interchangeable for input which peraits one to
supply an exponential (power of ten) multiplier; e.g., 0.000001
may be supplied as 1.0D-6, provided that the exponential tera
is right adjusted within the field width. In all other cases,
real data using the Fw.0 format code may appear anywhere within
the field width. All blanks are assumed to be a zero and
therefore ignored. A blank field will therefore input a value
of zero.

All integer data use a Iw formst code and must be right
adjusted, i.e., must appear in the rightmost columns of the
field.

Several names, titles and other desoriptive items are
alphanumeric data and use the Aw format code. Here blanks are
spaces and the actual characters desired may appear anywhere
within the field.

The use of the symbol ## for any format such as: FORMAT (20A4
/20A4)w% indicates that columns 73 - 80 of that card are used
for input and should not be used for identification purposes.

i-3 Rev IV.0
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Cards

Cards

Cards

Cards

Cards

Cards

Cards

Cards

Cards

OUTLINE OF INPUT TO THE PROGRAM
Date and run description, units of input and output,
control of restart, integrator and optional output.
Physical characteriatics of the segments and joints.
Degcription of the vehicle motion.
Contact planes, belts, air bags, contact
(hyper)ellipsoide, constraints, symmetry options,
spring dampers, and prescribed forces and torques.
Functions defining force-deflections, inertial
spike, energy absorption factor, and friction

coefficients.

Allowed contacts among segments, planes, belts,
airbags, contact (hyper)ellipsoids and harnesses.

Initial orientations and velocities of the segments.
Control of output of time history of selected
segmant wotidhs, joint parameters, wind forces,
joint forces and torques, total body propertiesz, and
injury criteria.

Control information for plotter output.

i-4 Rev 1V.0
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A

Main Program Input

Card A.l.a

DATE(I) ,1=1,3

IRSIN

IRSOUT

BSTIME

Cards A.1.b - A.l.cC

COMENT

FORMAT (3A4, 214, F8.0)

Date of the run (12 characters).

Restart input unit No. 1If blank or zero,
all input to be supplied on cards A.3 to
CARDS H.10. If nonzero (suggested value
= 4) input will be supplied from a
previous restart tape and Cards A.1.b, c
and A.2.

Restart output unit No. If nonzero
(suggested value =3), records will be
written on this output unit for future
restart rune. An initial record
containing all input and initialization
data will be written plus a time point
record at every time interval as
specified by DT on Card A.4.

Restart time (sec.) required if IRSIN ¢
0. Should be nonzero and an integer
multiple of DT on Card A.4. Program will
read records from the previous restart
tape up %o and including this time, make
changes per card A.2, and continue
operation {rom there.

FORMAT (20A4 / 20A4) s=»

Description of the run (160 characters on
two cards).

A-1] : Rev IV.0
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Cards A.2 are required only if IRSIN > O, in which case all
other input as specified on Cards A.3 to H.10 are bypassed.

Two sets of A.2 (each terminated with a blank card) are
required. The first set is processed after the initial input
record is read from input unit IRSIN and, if IRSOUT ¢ 0, before
the input record is written on output unit IRSQOUY. The second
set is processed after the time point record for TIME = ISTIME
has been read and, if IRSOUT & O, after the same record is
written on output unit IRSOUT, but before the program resumes
operation.

Cards A.2 FORMAT (A8, 414, 2(F8.0, 18, A8) )

AVAR Alphanumeric name (left adjusted in
field) of variable to be redefined for
restart. Program is capable of changing
most variables in the labeled common
blocks as used after all initialization
has been performed. The user should
ascertain that changing this variable is
valid for the progranm.

INDEX(I),1=1,3 The array indices, if any, of the
variable. Must agree in number and the
values aust be less than or equal to the
dimensions of the variable. Blank or
zero for no dimension.

ITYPE Supply 1, 2 or 3 to indicate that the new
value is to de real (RR), integer(II) or
alphanumeric(AA). Must agree with the
type of the variable within the program.

RR, II or AA New value of the variable AVAR to be
supplied in the appropriate field
determined by the value of ITYPE.

RROLD, IIOLD The previous value of the variable AVAR

or AAOLD in the appropriate field according to the
ITYPE value. Integer or alphanumeric
data will be tested exactly, real data to
5 significant digits. If the current
value is different, the program will
terminate with an error mesgsage. If zero
or blank is supplied, no check is
performed,

These A.2 Cards will be processed until a blank value for AVAR

is encountered. No further input is required.
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Card A.3 FORMAT (3A4, 4F12.0)
UNITL Label for unit of length (4 characters). {
UNITM Label for unit of force (4 characters). !
UNITT Label for unit of time (4 characters). |

Note: UNITL, UNITM and UNITT can be any set of consistent
units, bowever, throughout this description, inches, pounds and
seconds (in,lbs,sec) are used as sample units. 1If other units
are used, the field widths of some output format staiements may
have to be changed.

GBAVTY(I) ,Is1,3 The x, y and z components (in/sec#%l) of
the gravity vector in the inertial
coordinate system. Typically, the vector
(0,0,8) is used. This defines gravity to
be applied along the positive inertial ¢
axis. Any vector may be used, including
(0,0,0) for a weightless environment.

a The value of the constant (in/sec##2),
which the input segment weights will be
divided by to obtain their mass. If
blank or zero, the magnitude of the
gravity vector will be used. @ must be
nongero if GRAVTY = (0,0,0).
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Card A.4

NDINT

NSTEPS

DT

HO

HMIN

FORMAT (214, 4F8.0)

Number of iterations for the final
convergence test of the integrator
Subroutine DINT (minimum value = 2,
suggested value = 4).

Bumber of output time points. May be
zoro to obtain initial conditions.

Main program time interval for integrator
routine output (sec). The total time of
the run will be NSTEPS#DT geconds.
Program output can be obtained every DT
seconds or integer multiples of DT.

Note: The value of DT can affect
simulation results (since the integrator
is forced to provide output at every
integer multiple of DT), in addition to
regulating the {requency of output data.

Initial integrator step size (sec).

Maximum integrator step size (sec). For

best efficiency DT should be an integral

multiple of HMAX and HMAX a power of two

multiple of HO. (Suggested value = 0.001
sec.)

Minimus integrator step size (sec). If a
fixed step size is desired, set HMIN
greater than HMAX, and step size will
double from HO until HMAX is achieved.
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Card A.5

NPRT(I), I=1,36

Element No.

]
QO ®MTITDAN Gl N -~

11
12
13
14
15
16
17
18
19
20
21
22
23
24
28
26
21

FORMAT (3612)

An array of indicators that control

various optional output and program
control features of the program.
Generally, for the output parameters, a
blank or zero value indicates no output
for that item and a value of one will
produce output each time the routine is
executed. The printed output, produced
by elements 8-17 and 20-25 is intended
for diagnostic or °"check out’ purposes
only, can produce large amounts of
partially labeled output and should not
be used for long or production runs. One
should consult the listing of the
subroutine for a description of the
diagnostic items that are printed.

The NPRT array (# - gee notes below)

(1%)
(1w)
(1w)
(2%)
(1%)
(1%)
(1%)
(3%)

(4%)

(5%)

Subroutine
MAIN

MAIN

MAIN
OUTPUT, POSTPR
PRIPLT
PRIPLT
PRIPLT

DAUX

DAUX

IMPULS
SETUPI
VISPR
PRIPLT
wWINDY
BELTG

HBELT
EDEPTH
OUTPUT, POSTPR
not used
CHALN
AIRBAG
AIRB@1
BINPUT
UPDATE

DINT
DINT,POSTPR
EQUILB

A-5

35

Qutput produced

Output unit No. 1
Subroutine ELTIME table
Subrou‘ine PRINT output
Output unit No. 8, plots
Y-Z view printer plots
X-Z view printer plots
X-Y view printer plots
IJK, RHS and C arrays
Subroutine PRINT output
Diagnostic output

U2,V1 arrays

Diagnostic output

CJOINT array

Wind forces

Diag.aostic output
Harness-belt forces
Diagnostic output

Limit tabular time histories

SROLP,SEGLV

Diagnostic output
Diagnostic output

HT and HB arrays

Roll-slide test output
Convergence test data
Tabular time history output
Intermediate results
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Card A.5

28
29
30
31
32
33
3¢
35
30

(6+)

(%)
(8%)

(9%)

{continued)

HPTURB
not used
POSTPR
POSTPR
not used
not used
not used
not used
DRIFT

Harness bdelt forces

Plot and BHIC data frequency
Type of plot output device

Controls drift of joints

Notes concerning elements of the NPRT array

1=

For elements 1, 2, 3, 5, 6 and 7, the value indicates the

frequency of output.

Zero will produce no output (for
element No. 2, the ELTIME table will be printed once at the

end of the run) and a non-zero positive value (N) will
produce output every N#DT (from Card A.4) seconds.

36
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Card A.5 (continued)

2# The value of NPRT(4) is used (after version 18A) to control:

(1) Write the tabular time histories (specified by Cards H
and the allowed contacts on Cards F) on either
(a) the multiple output units (No. 21 and up) by
Subroutine OUTPUT, or
(b) the primary output unit (No. 6) by Subroutine HEDING.

(2) Store the time history data on output unit No. 8 by
Subroutine QUTPUT to be later used by Subroutine POSTPR.

(3) Generate plots of the time history data (specified on
Cards I) by Subroutine POSTPR.

Permigsible values of NPRT(4) range from -3 to +4 as follows:

Supplied value for NPRT(4)
+4 +3 +2 +1 o0 -1 -2 -3
1 Control Cards
Multiple output units yeg no no yes yes8 no no ho
Qutput unit No. 8 yes yes yes Yyes Nno yes yes Yyes

2 Card Input

Cards B.1-H.10 yes yes yes yes yes no no no
Card H.11 No yes yes yes Nno yes yes yes
Cards 1 no yes no yes nNO yes NO Yyes

3 Main Program Operation
Integrate and/or restart yes yes yes yes yes no no no
Call Subroutine POSTPR no yes yes yes no yes yes Yyes

4 Print time histories
Multiple output units yes no nc yes yes no no no
Primary output unit no yes yes no nO Nno yes yes

5 Qutput unit No. 8
Write (Sub OUTPUT) yes yes yes yes no no N0 no
Read (Sudb POSTPR) NnO yes yes yas no yes yes yes
6 Generate plots (Cards I) no yes no yes no yes no Yyes

Note: If NPRT(4) is negative, input Cards B.1-H.10 should not
be supplied.
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Card A.5 (continued)

3» A value of NPRT(8) = 2 will print the designated arrays
before and after the first call to Subroutine FSMSOL only.

4* The value of NPRT(18) controls the printing of the tabular
time histories not specified by the H Cards. A value of
NPRT(18) = 0 will result in the printing of all the tabular
time histories, as in previous versions of the model. None
of the tabular time histories listed below will be printed
for a value of NPRT(18) = 16. The tadble below lists which
time histories that will be printed for the other values of
NPRT(18). The types of time histories are labeled with 'y’
for yes, indicating this tabular time history will be
printed and 'n’ for no, indicating it will not be printed.

Supplied value of WPRT(18)

0 1 2 3 4 5 6 7T 8 90101 12 13 14 18 16
Plane/seg§ y n y y y y y ny y any y nnann
Belt/seg Yy ¥y n y ¥y y y nnnyyynnnn
Harness-belt y y y n y y ¥y ¥y n n y n y nny n
Spring-dmprs y y y ¥y n y y ¥ y n ¥y y n n an nn
Seg/seg Yy Yy yyynyyyynannymnynmn
Airbag Yy ¥y Yy Yy Yy ny y ny y nnnnn
A-8 Rev 1IV.0
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Card A.5

1

(continued)

NPRT (26) controls the frequency of the tabular time history

output.

Values of -9 through 8 are permissible. I

{(a) If the tabular time histories are printed on the
multiple output units 2] and up (NPRT(4) = 0,1 or 4), {

the value of NPRT(20) controls the frequency of the |
output as follows: |
<0 - print one line every !NPRT(20)%DT! seconds; ®
0 - print one line every DT (from Card A.4) seconds; o
1 - print at the end of esach successful integration step;|
2 - print at every intermediate time point of each step. !
3 - print one line every DT (from Card A.4) seconds; ]
4 - no linea are printed; [
5 - print at the end of each successful integration step;@
6 - no lines are printed. ]

(b) If output unit No. 8 iz generated (NPRT(4) > 0), 1
records are written to output unit No. 8 as follows: !

(e)

(0 - every

svery

DA -~O0O0
]

~ at the end of each successful integration step;
~ at the end of each succesgful integration step;
- at each intermediate time point of each step;

- at the end of each successful integration step;
- no records are written (output unit No. 8 not used); @
- no records are written (output unit No. 8 not used). @

{NPRT (26) «DT! seconds;

DT (from Card A.4) seconds;

If the tabular time histories are printed from output
unit No. 8 (NPRT(4) = +2,+43,-2 or -3), a value of
NPRT(26) equal to:

<0 - print
0 - print
1 - print
2 - print
3 - print
4

5

6

- no lines are printed;
- no lines are printed;
- no lines are printed.

one line every !NPRT(206)#DT! seconds; .
one line every DT (from Card A.4) seconds;

at the end of each successful integration step;
at every intermediate time point of each step;
one line every DT (from Card A.4) seconds;
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Card A.5 (continue)

Note:

(1]

Ts

Note: NPRT(30) must be .GE. NPRT(26) if plots are to be made.

The rational for using the above options is as follows:
Previous input decks will produce the same output, i.e.
NPRT(26) = 0,1,2 responds as before. To reduce the size
of the soratch file (output unit No. 8) use NPRT(20) = 3
or (0. Use NPRT(26) = 4 to create a TAPE 8 file that is
to be saved and used for a postiprocessing run where the
tabular time histories and/or plots will be made during
the postprocessing run. NPRT(20) = 5 & 0 are primarily
for debugging purposes. MNote that if NPRT(26) = 3 or (0
and WPRT(4) = +]1,+3,-1, or -3, (plots to be computed)
the data written to TAPE B will be .GE. DT#!NPRT(20):,
bhence the frequency of the plots, NPRT(30), must be .GE.
INPRT(20) 1.

NPRT(28) controls the frequency and amount of harness belt
force output produced. Values of 0, 1, 2 and 3 are allowed
as follows: (each value includes output for all lower
values)

(0)

(1)

(2)

(3)

- Produces a table of the final harness belt forces at
each point in play at the same time points as output
is produced by Subroutine PRINT as specified by
NPRT(3).

- Prints & table of the final harness belt forces at
each point in play at each time point of Subroutine
HPTURB.

- Prints a table of the harness belt forces at each
point in play for every iteration step of Subroutine
HPTURB.

- Prints the RHS,IJK and C arrays before the call to
FSMSOL at each iteration step at each time point of
HPTURB.

NPRT(30) controls the frequency of the data points for

plotting, as specified by the I Cards, and for use in the
computation of the BIC, C81 and HSI numbers, as specified
by Card H.11. A value of NPRT(30) equal to:

0 ~ plot variable for every successful integration step;
>0 - plot variable every WPRT(30)#DT seconds.

Refer to the note for NPRT(268) for further information.
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Card A.5 (continue)

%

WPRT(31) controls whether the plots generated by the I
cards will have a page advance. The use of the page
advance will depend on the the type of device the plots are
to be drawn on. For NPRT(31) equal to:

0 - pages will be advanced. Required for drum plotters.
1 - pages will not be advanced. Required for terminals
and single-sheet plotters.

A nonzero value for NPRT(36) triggers Subroutine DRIFT to
recompute the direction cosine matrices and angular
velocity of adjacent segments connected by constrained
joints s0 as to prevent drift of the constrained joint
axes. JNo diagnostic output is produced.
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Subroutine BINPUT

Card B.1

NSEG

NJNT

BDYTTL

FORMAT (216, 8X, 5a4)

The number of segments. The maximum
value for the sum of NSKG, nuwber of
airbags (WBAG on card D.1), number of
vehicles defined on the C cards and one
for the ground is 30. A minimum of 1
segment is required.

The number of joints (maximum = 30).

Description of the crash victiam (20
characters).

B-1 Rev 1V.0
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Cards B.2.a FORMAT (A4, 1X, Al, 10F6.0, I4)
(NSEG cards)

Each card (I) for I = 1, NSKG will contain input data for the
Ith segment. The segment identifying numbers (I) will be
referred to on later input cards.

SEG(I) An abbreviation of the nomenclature of
the Ith segment (4 characteras).

cas(i1) The plot symbol of the segment center-of-
mass (1 character).

w(n The weight of the segment (1lbs).

PHI(J,I) ,J=1,3 The principal moments of inertia of the

segment about the x, y, and z axes of the
segment (lbs-sec#%#2-in). There are no
restrictions for the values of W(I) or
PHI(J,I), they may be negative or zero.
If any component is zero, it is sssumed
that the system is suitably constrained
go that the system matrix is nonsingular.

BD(J,I),J=1,3 The x, y, and z semiaxes of the segment
contact ellipmoid (in).

BD(J,I),J=4,6 The location of the center of the segment
contact ellipsoid, with respect to the
center-of-mass of the segment, in the
local body segment reference(in). These
primary contact ellipsoids are given the
same identifying number as the segment.
They may be redefined with an arbitrary
orientation on Cards D.S5.

LPMI(I) An integer which, if non-zero, indicates
that the principal axes for segment No. I
are rotated from the local refererence
axes. If LPMI(I) ¢ 0, a B.2.b card must
immediately follow this Card B.2.a. 1If
LPMI(I) ie zero or blank, Card B.2.b isg
not required.
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Note: To handle situations where the principle axes are not
aligned with the local axes, set LPMI = 1. This indicates that
the principal axes are rotated from the local reference axes
for segment No. I and that an additional input Card B.2.b must
immediately follow to specify the rotation. Since it is
desirable that input defining points on a segment be supplied
with respect to the local reference axes and, also, not to
invalidate previous input decks, the program (Subroutine
ROTATE) will transform all data that has been defined with
respect to the local reference axes to the principal axes in a
manner that is transparent to the user. Also, all standard
outpui, where appiicable, wii. bDe transformed back to the local
reference axes.

Cards B.2.b FORMAT (12X, 3F6.0)

YPRPMI(J,I), J=1,3 The yaw, pitch and roll an¢les in degrees
of the principal axes with respect to the
local reference axes of segment do. I.

B-3 Rev IV.0
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If NJNT is zero on Card B.1, Cards B.3 - B.5 are not required.

Cards B.3.a

FORMAT (A4, 1X, Al, 214, 6F6.0, 14, 2F6.0)

(NJNT sets of cards are required, 2 cards per set. The first
card (B.3.a) of sach set is described below and the second

card's (B.3.

b) description follows.)

Each card (J) for J = 1, MINT will contain input data for the

Jth joint.
to by later

JOINT(J)

Js(J)

JNT(J)

The joint identifying numbers (J) will be referred
input cards.

An abbreviation of the nomenclature of the Jth
joint (4 characters).

Plot symbol of the joint location (1 character).

Magnitude indicates the number of the segment that
is connected to segment J+1 by joint J. IJNT(J)!
must be ¢ J+1l. Segment | is always the reference
segment for the first body of segments. If more
than one body is used, segment J+l is defined as
its reference segment by setting JNT(J)=0. This
definea joint J as a null joint which does not
link any segments.

If JNT(J)C0, joint J is associated with a flexible
element (See B.7 cards).
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Cards B.3.a (continued)

IPIN(J)

0 - there are to be no constraints on joint J.

+1,-1 - joint J is a pin joint, with the pin as the

y axis of the joint coordinate systems.

+2,-2 - joint J is a ball and socket joint.

+3,-3 - joint J is a globalgraphic joint.

+4,-4 - joint J is an Euler joint.
+5,-5,+0,

-6,+7,-7 - joint is either an Euler joint or a slip

joint depending on the input value of ISLIP
as shown below.

-8,-9,-10 - Ruler joint.

A glip joint allows linear motion between the
joint’'s segments along the z axis of the JNT(J)
joint coordinate system. Its angular {reedom is
specified by a combination of IPIN and ISLIF as
follows:

IPIN ISLIP
-5 0 Euler joint.

+5 -5 +1,-1 s#lip joint with complete
angular f{reedom. Angular
motion is the same as for IPIN
= 2, about the J+1 joint
coordinate systenm.

-6 0 Euler joint.

+6,-6 +1,-1 slip joint with pin as y axis
of J+1 joint coordinate system.
Angular motion same asg for IPIN
= 1. Flexural spring
characteristice will be used.

-7 0 Euler joint.

+7,-7 +1,-1 8lip joint with pin as the 2z
axis of the joint coordinate
systems. Torsional spring
characteristics will be used.

Non-zero values for IPIN may be supplied as
positive or negative to indicate that the initial
condition of the joint is unlocked (positive) or
locked (negative) for angular motion. An Euler
joint may use the globalgraphic option by
specifying IGLOB = 1 on Card F.4.a.

B-95 Rev IV.0
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Cards B.3.a (continued)

An Euler joint can have any of its rotation axes
locked or unlocked. This initial state iz defined
by IPIN and the program sets the value of IEULER
based on the input value if IPIN as follows:

IPIN  IEULER state

4 8 free
- 4 7 all axes locked
-5 6 spin free, others locked
-8 5 nutation free, others locked
-7 4 precession {ree, others locked
-8 3 spin locked, others free
-9 2 nutation locked, others free
-10 1 precession locked, others free

where precession, nutation and spin are the
rotations from the JNT(J) joint coordinate system,
to the J+] joint coordinate system about the :z
axis, resultant x axis and resultant z axis
respectively.

SR(I,2%J-1) ,1=1,3 Coordinates of location of joint J (in.)

in the local reference system of segment
JNT(J).

SR(I,2#J),1=1,3 Coordinates of location of joint J (in.)

ISLIP(J)

C1WJ)

c2(J)

in the local reference system of segment
J+l.

1 - 8lip joint with unlocked linear motion.
0 - non-slip joint.
-1 - 8lip joint initially locked for linear
motion.

Note: A 8lip joint may be locked or unlocked for
angular motion (depending on the sign of IPIN)
regardless of the sign of ISLIP.

The maximum force (lbs.) (a negative value)
allowed for a linearly locked joint in tension.
If exceeded the joint will unlock.

The maximum force (1be.) (a positive value)
allowed for a linearly locked joint in
compression. If exceeded the joint will unlock.
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Cards B.3.b

FORMAT (14X, 9F6.0, 612) #»

(One of these cards must follow each B.3.a card described

above.)

YPRI(I,J) ,I=1,3

YPR2(I,J},I=1,3

YPR3(1,J),1=1,3

The rotation angles (degrees) about the
z, ¥y and x axes, respectively, of the
local reference axes of segment No.
JUT(J) to specify the axes of joint J.
The sequence in which these rotations are
made is specified by IDYPR below. The z
axis defines the axis of linear slip for
slip jointe.

The rotation angles (degrees) about the
2, y and x axes, respectively, of the
local reference axes of segment lNo. Jtl
to specify the axes of joint J. The
sequence in which these rotations are
made is specified by IDYPR below. The z
axig is the reference axis to define
flexure. The y axis is used as the pin
axis except for the special Euler joints.
The x-y plane is used for globalgraphic
joints with x as the reference axis.

The center of symmetry (degrees) for
Euler joints (used only i{f [IPIN(J)! = 4)
supplied in the order precession,
nutation and spin. Joint torques for
Euler joints are a function of the
deviation of the Euler angles {rom these
sngleg. Previous versions (before 18a)
of the program assumed values of zero.
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Cards B.3.b (continued)

IDYPR(I,J) ,I=1,3

The sequence in which the YPR]1 rotations
are made. Values of 1, 2 and 3
correspond to rotation angles about the
x axis {YPR1(3,J)], y axis [YPR1(2,J)])
and z axis (YPRI(1,J)] respectively.
Zero or blank values will default to the
order 3, 2 and 1 to specify the normal
yaw, pitch and roll sequence, i.e.,

yaw about original z axis using YPRI1(1,J),
pitch about resultant y axis using YPR1(2,J),
roll about resultant x axig using YPR1(3,J).

Two rotations about the same axis cannot
be specified consecutively. However, the
third rotation may be about the same axis
as the first, provided it is supplied as
a negative number, in which case the
unused value of YPR] will be used about
the indicated axis, e.g., values of 3, 1
and -3 will specify the normal Euler
rotations where YPR! is supplied in the
order precesgion, spin and nutation to
compute:

precession (YPR1(l,J)) about original z axis,

IDYPR(I,J) ,I=4,6

nutation (YPR1(3,J)) about resultant x axis,
and gpin (YPR1(2,J)) about resultant z axis.

The sequence in which the YPE2 rotations
are made. Identical to the description
of IDYPR(I,(J), I=1,3.
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Cards B.4

FORMAT (2 (4F6.0, F12.0))

(NJNT setsz of cards, one set for each joint J. 1f joint J is
not an Euler joint, the set has one card containing the
values for 3#J-2 and 3IxJ-]. If joint J is an Euler joint,
the set has two cards with the second card containing the

values for 3#J.)

SPRING(I,3%J-2),
I=1,5

SPRING([,3%J-1),
I1=1,5

SPRING(I,3%Jj,
I=1,5

I=1

n

I

2

I-4

1=8

ANG(1,J}),1=1,3

The flexural spring characteristics for
jJoint J. If J is an ERuler joint, the
spring characteristics about the
precession axis. If JOINTF(J) ¢ 0 (on
Card F.5), these values are not used and
should be zero.

The torsional spring characteristics for
joint J. If J is an Buler joint, the
spring characteristica about the nutation
axia.

The spring characteristics about the s#pin
axis. This second card of each set is
required only if J is an Euler joint.

Linear spring coefficient (in-lbs/deg).

Quadratic spring coefficient
(in-1bs/degnul)

Cubic spring coefficient (in-lbds/degx»3).

Energy dissipation coefficient
(dimensionless variable between 0 and 1).
A value of 1, specifies no loss.
A value of 0. specifies maximum loss.

Joint stop location with respect to the
center of symmetry (deg). For a value of
zero the routine will use only the linear
apring coefficient and will apply the
energy dissipation coefficient.

The approximate initial rotation angles,
in the order precession, nutation and
spin, (degrees) for joint J which is an
Ruler joint. These are used as the
initial angles for the memory mode used
by Subroutine EULRAD and need not be
exact. The values are absolute and not
relative to the center of symmetry.
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Cards B.5 FORMAT (5F6.0, 18X, 2F6.0)

(NJNT setls of cards, one set for each joint J. If joint J is
not an Euler joint, the set has one card containing the
valued for 3#J-2. It J is an Euler joint, the set has three
cards with the values for 3%#J-1 on the second card and for
38J on the third.)

VISC(I,3%J-2), The viscous characteristics for joint J.
I=1,7 If J is an Euler joint, the viscous

characteristics about the precession axis.

VISC(I,3%J-1), The second card of each set is required
I=1,7 only if J is an Euler joint. The viscous
characteristics about the nutation axis.

VISC(I,34J) The third card of each set is required
I=1,7 only it J is an Buler joint. The viscous
characteristics about the spin axis.
1=] Viscoug coefficient (in-lb-sec/deg).
1=2 Coulomb friction coefficient (in-1b).
I=3 Relative angular velocity of the joint at

which full coulomb friction is applied
(deg/sec). Must be greater than O.

1=4 Tl: The maximum torque (in-1lbs) allowed
for a locked joint (or locked Euler
axisu. If exceeded, the joint will
uniock. If Tl = 0, the test will not be
performed and a locked joint will remain
locked. Note: If joint J is locked and
T1=0, when the equilibrium option is
ugsed, VISC(4,3%J-2) will be set by the
program (See equilibrium option
description under Cards G.0).

I=5 T2: The minimum torque (in-1bs) allowed
for joint J to remain unlocked. If T2 =
0, the test will not be performed.

1=6 T3: The minimum angular velocity
(rad/sec) necessary for joint J to remain
unlocked. If T3 = 0, the test will not
be performed.

B-10 Rev IV.0
51

= e




Cards B.5 (continued)

I=7 E: Where E=(1+U)/2 and U {s the classical
coefficient of restitution to be used for
the impulse option if the joint hits the
joint stop (OCE(1 OR -1<U(+1). A value
of E = 0 means that the impulse option
will not be exercised for this joint.
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Cards B.68 FORMAT (12F6.0)
(NSEG cards)

The following cards are required for the convergence tests
which are performed in Subroutine DINT on the resultant of the
derivative vectors. The linear velocities and accelerations
are computed only for reference segments (i.e. segment No. 1
and those segments I where JNT(I-1) = 0), therefore any test
numbers supplied for linear velocities and accelerations of
other segments will be ignored. The testsg for convergence are
performed in the following order:

1) 1If the magnitude value is zero, no testing is done for
that variable.

2) If the magnitude of the resultant vector is less than the
specified magnitude value, the routine has passed the
convergence test for that variable.

3) If the absolute error value is greater than zero, and the
magnitude of the absolute error (difference between the
predicted and computed vector) is less than the absolute
error value, the routine has passed the convergence test
for that variable.

4) If the relative error value iz greater than zero and the
magnitude of the absolute error divided by the magnitude
of the computed vector is less than the relative error
value, the routine has passed the convergence test for
that variable.

SGTEST(1,1,1) Magnitude value for the angular velocity
test of segment No. I (rad/sec).
SGTEST(2,1,1) Abgsolute error value for the angular
velocity test of segment No. I (rad/sec).
SAGTEST(3,1,1) Relative error value for the angular
velocity test of segment No. I
(dimensionless).
SGTEST(J,2,1), Same as above, but for the linear
J=1,3 velocity of segment No. I (in/sec).
SGTEST(J,.3.1), Same as above, but for the angular
J=1,3 acceleration of segment No. I
(rad/sec#»2) .
SATEST(J,4,1), Same as above but for the linear
J=1.3 acceleration of segment MNo. I
(in/sech®l) .
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If J¥T(J)CO0 on any of the B.J cards, Cards B.7 are required.

Card B.7.a FORMAT (1814)

Each flexible element must contain at least three connected
segments. The first segment is the reference segment, followed
by one or more interior segments and a terminating segment.
Each joint in the flexible element must have a negative value
for JNT.

NFX The tetal number of interior segments for
all the flexible slements.

KNT (X) ,K=1 ,NFX The interior segment identification
numbers in the order specified on the B.3
cards. If the values of NFX and KNT are
not consistent with the negative values
of JNT on Cards B.3, the program will
terminate with an appropriate error
message.

Cards B.7.b FORMAT (12F6.0)

(Four B.7.b cards for each interier segment (44NFX) are
required, in the order as they are defined in the XINT
vector.)

(HF(I,J,K),J=1,12) The coefficients of the quadratic form
,121,4 function used to define the orientation

of interior segment KNT(K) with respect
to the reference segment of the element.

HF contains three 4X4 matrices; NF(I,J,.K), HF(1,J¢+4,K) and
HF(I,J+8,K), where I=],4 and J=1,4. These matrices are used
to define the orientation of segment KNT(K) with respect to
its reference segment az follows:

yaw of segment KNT(X) = 1/2 V.RF(I,J ,X)V;

pitch of segment KNT(K) = 1/2 V.WP(I,J+4,K)V;

roll of segment KNT(X) = 1/2 V.HF(1,J+8,X)V;
(1,J=1,4).

Where V iz a column vector with four components y, p, r and
1, and y, p, » are the yaw, pitch and roll angles in radians
of the terminating segment relative to the reference segment.
V.HFV represents the dot product between vectors V and HFV.
Note: The pitch iz always ) -00 degrees and ¢ 00 degrees.
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C. Subroutine VINPUT

The C cards are used to prescribe the motion of apecified
segments. A set of C cards i# required for each prescribed
motion. At least one set of C cards is required and a
maximum of gix sets is allowed. If a set of C cards does not
prescribe the motion of one of the segments defined in the

B cards, then an independent vehicle segment is automatically
defined. The last set of C cards always defines the primary
vehicle. This vehicle is used az a default for a number of
outputs. The other vehicles are designated as secondary
vehicles.

Several options are available for each prescribed motion.
The required inputs for each option are as follows:

Option 1: Half gine wave deceleration impulse (NATAB = 0)

Required inputs - Card C.1: all variables,
Card C.2.a: ANGLE(1), ANGLE(2), VIPS,
VTIME, X0, NATAB=0, MSEQ.

Option 2: Tabular unidirectional deceleration (NATAB > 0)

Required inputs - Card C.1: all variables,
Card C.2.a: ANGLE(1), ANGLE(2), VIPS,
X0, NATAB>0, ATO, ADT, MSEG,
Cards C.3: all variables.

Option 3: Six degree of freedom deceleration (NATAB ¢ 0 and
LTYPE = 0)

Required inputs - Card C.1: all variables,
Card C.2.a: ANGLE(1), ANGLE(2),
ANGLE(3), VIPS, X0, NATAB<O, ATO,
ADT, MSEG,
Card C.2.b: LTYPE=O, VMEG,
Cards C.4: all variables.

Option 4: Spline fit position, velocity or acceleration data
(NATAB <0 and LTYPE > 0)

Required inputs - Card C.1: all variables,
Card C.2.a: NATABCO, ATO, ADT, MSEG,
Card C.2.b; LTYPEXO, LFIT, NPTS,
Cards C.5: all variables.
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C Cards (continued)

These options and their required inputs have been established
in such a manner that any previous input decks are still
acceptable as input, except that Card C.2.b was added for
option 3 for Version 18 of the ATB program. For Version 19,
Card C.2.> was modified and option 4 (Cards C.5 and the
multiple prescribed motion) were added.

Card C.1 FORMAT (2044) #»

VPSTTL Description of the crash vehicle
deceleration (80 characters).
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Card C.2.a

ANGLE(I) ,I=1,3

VIPS

VTIME

Xo(1),1=1,3

HATAB

FORMAT (8F6.0, 16, 2F6.0, I6)

Options 1 and 2: ANGLE(1) and ANGLE(2)
(deg) are the azimuth and elevation
angles of the deceleration impulse
vector, from the inertial coordinate
system. The initial orientation of the
vehicle is assumed to be aligned with the
inertial coordinate system.

Option 3: The three initial rotation
angles, yaw, pitch and roll (deg), of the
prescribed motion segment.

Options 1, 2 and 3: The initial velocity
(in/sec) of the prescribed motion
segment. For option 1, a negative value
aay be supplied to indicate that the
vehicle will accelerate from an initial
velocity of zero to VIPS, the final
velocity.

Option 1: The time duration (sec) of the
half sine wave deceleration impulse. It
must not be zero or blank for option 1.

Options 1, 2 and 3: The x, y and =
coordinates (in) of the vehicle reference
origin in inertial reference.

Number of time points of vehicle
deceleration data to be supplied or
generated by the program. The algedbraic
sign of NATAB determines the option of
prescribed motion as follows:

If NATAB = 0 (option 1), the prescribed
motion is an analytical half sine wave
function that decelerates the vehicle
from an initial velocity of VIPS to ZERO
if VIPS>0. 1If VIPS8<(0, the vehicle is
accelerated from an initial velocity of
zero to VIPS final velocity in VIIME sec.
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Card C.2.a (cont.)

ATO,ATD

MSEG

If NATAB > 0 (option 2), the vehicle
motion is unidirectional and NATAB values
of linear deceleration are to be supplied
on Cards C.3. NATAB should be odd,
maximum value is 90.

If BATAB ¢ 0 (options 3 and 4), the
prescribed motion is specified on either
Cards C.4 or C.5. Here MATAB = -NBATAB is
the number of time points of acceleration
data to be supplied on Card C.4 or
computed from the spline fit data on
Cards C.3, maximum value of MATAB is 501.

The first time point and fixed time
interval (sec) for the table of
acceleration data that is supplied on
Cards C.3 for option 2, on Cards C.4 for
option 3 or for option 4, iz to be
aomputed from the spline fit data to be
supplied on Cards C.5. The program
initially calculates the vehicle
acceleration time histories from the
provided tabular data and integrates
these accelerations to specify the
vehicle motion during the simulation.

The segment number associated with this
prescribed deceleration time history. It
MSREG is less than or equal to NSEG (Card
B.1), the motion of segment No. MSEG as
defined on Cards B.2 will be prescribed
(note: extrems caution must be exercised
in using this option.) If MSEG ) NSEQ,
the sets must be supplied in the order
MSEG=NSEG+1, NSEG+2, etc., to prescribe
the motion of secondary vehicle segments.
The program assigns the segment number
MSEG to the corresponding secondary
vehicle. The last set of C cards must
contain the prescribed motion for the
primary vehicle and MBEG must be szero.
(This signals the end of the C card
input.) The program assigns the segment
number NSEG + the number of secondary
vehicles + 1 to the primary vehicle. The
primary vehicle segment number can not be
greater than 29.
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Card C.2.0 FORMAT (316, 22X, 3F10.0)

This card is required only if NATAB ¢ 0 (options 3 and 4).
Note: This card was added for Version 18 of the ATB prograa
to supply the initial angular velocity and was revised for
Version 19. A blank card should be inwerted here for any
previous input data decks that utilized the six degree of
freedom option on Cards C.4.

LTYPE Option 3: A value of zero or blank
specifies the six degree of freedom
option with required input on Cards C.4.

Option 4: The value of LTYPE specifies
the type of data contained in the C.5
cards.

If LTYPE=1, the C.5 input table is
position data.

If LTYPE=2, the first C.5 card is the
initial position data, which is followed
by the input table of velocity data.

If LTYPE=3, the first C.5 card is the
initial position data, the second card is
the initial velocity data, which is
followed by the input table of
acceleration data.

LFIT Option 4: The degree of the polynomials
to be spline fitted through the time
point data on Cards D.5. A value of 0,
1, 2 or 3 may be used but the degree
should be sufficient to produce
continuity for the computed velocity
values. Therefore:

For LTYPE = 1, supply LFIT= 2 or 3.
For LTYPE = 2, supply LFIT= 1, 2 or 3.
For LTYPE = 3, supply LFIT= 0, 1, 2 or 3.

Note if LFIT = 0, a constant value is
assumed from the current time value to
the next time value but round oft errors
in time computations may not produce the
time desired.
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Card C.2.b (continued)

WPTS The number of actual time point data to
be supplied on Carde C.5, maximum value
ig 101. DNote: The number of C.5 cards
must be equal to (LTYPE -1) ¢ NPTS, where
the (LTYPE -1) cards are the initial
position and/or initial velocity data.

VMEG(I) ,I=1,3 The three components of the initial
angular velocity (deg/sec) about the
local x, y and z axes of the vehicle.

Not required if the spline fit (option 4)
iz to be used.
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Cards C.3 FORMAT (12F6.0)
These cards are required only if NATAB ) 0 (option 2).

DEC(I) ,I=1,NATAB The values of deceleration (G's) of the
vehicle for the NATAB equally spaced time
points as T(I), where:

T(I) = ATO ¢+ (I-1)#ADT {for I=1,NATAB.

Supply 12 values per card, use as many
cards as necessary. Since a Simpaon's
integration i#2 used to compute velocity
and position, the value of NATAB must be
odd. The program will integrate beyond
the last time point assuming a constant
deceleration equal to the value of the
last given point.

Cards C.4 FORMAT (10X, 6F10.0)
These cards are required if NATAB<O and LTYPE=0 (option 3).
MATAB C.4 cards are required where MATAB = -NATAB. Each card
(I) will contain data for equally spaced time points T(I),

where:

T(I) = ATO + (I-1)#ADT  for I=]1,MATAB.

ATAB(J,I),J=1,3 The x, y and z components (g's) of the
linear deceleration of the vehicle origin
at time T(I).

ATAB(J,I1) ,J=4,6 The angular accelerations (deg/sec##2)

about the local x, y and z axes of the
vehicle at T(I).

Note: The program will integrate for velocity and position
beyond the lagst time point, assuming a constant acceleration
equal to the value of the last given point. The program will
print at input time a complete table of the integrated
velocity and position from the supplied acceleration data.
This integration procedure is not identical to the program
integrator.
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Cards C.5 FORMAT (7F10.0)
These cards are required if NATABCO and LTYPE)>O0 (option 4).

(LTYPE-1) cards are required first to set initial conditions
followed by NPTS cards containing time point data.

If LTYPE=]1, the input table iz position data for NPTS time
points.

If LTYPE=2, the first card is the initial position data,
which is followed by the input table of velocity data for
NPTS time points.

If LTYPE=3, the first card is the initial position data, the
second card is the initial velocity data, which is followed
by the input table of acceleration data for NPTS time points.

™) The time (sec) for the data on this card.
It this card is for initial condition
data, T(1) should be zero or blank. The
times should be in ascending order but do
not have to be equally spaced.

XYz(J,I) ,J=1,3 If position data, the x, y and 2
coordinates (in) of the vehicle origin in
the inertial reference coordinate system
for time T(I). 1If velocity data, the x,
y and z components (in/sec) of velocity
of the vehicle origin in the inertial
reference for time T(I). If acceleration
data, the x, y and z components (G's) of
the deceleration of the vehicle origin in
inertial reference for time T(I).

XYZ(J,1) ,J=4,6 If position data, the yaw, pitch and roll
(deg) of the vehicle coordinate reference
axes with respect to the inertial
reference. If velocity data, the
components of angular velocity (deg/sec)
about the local x, y, z axes. 1If
acceleration data, the components of
angular acceleration (deg/sec®*s2) about
the local x, y and z axes.
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Cards C.5 (continued)

Note: When LTYPE = 2 or 3, the program will spline fit the

NPTS data points for each of the six components independently.

For LTYPE = 1, the angular displacements are transformed to
quaternions and the four quaternion components and the three
linear components are spline fit independently. The
quaternions are then transformed back to yaw, pitch, and roll
angles. The spline fit produces a piece-wise set of
polynomialg of degree LFIT. These polynomials are then
evaluated to produce a set of acceleration tables at MATAB
equally spaced time points equivalent to the six degree of
freedom (option 3) data of Cards C.4. The program will then
print at input time a complete table of the integrated
velocities and positions from these generated acceleration
data. The integration procedure used is not identical to the
program integrator. The spline fit algorithm used in the
program can be used to calculate angular accelerations from
gimultaneous multi-axis angular displacements.
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D. Subroutine SINPUT
Card D.1

NPL

NBLT

NBAG

NELP

NQ

NSD

NHRNSS

NWINDF

NJNTF

WFORCE

FORMAT (1018)

The number of planes describing contact
panels (30 maximum).

The number of belts used to restrain the
crash victim (8 maximum).

The number of airbags used to restrain
the crash victim on Cards D.4 (max = 5,
but NSEG + the number of vehicles + NBAG
must be ¢ 30).

The number of contact ellipsoids or
hyperellipsoids to be supplied on Cards
D.5 (40 maximum).

The number of constraints to be supplied
on Cards D.6. Rach constraint, with
KQTYPE(J) = 5 on Cards D.6, will be
congidered as two constraints requiring
two sets of cards. (Note: The program
will later increment NQ by 1 for each
NF(1) = 0 on Cards F.1.b and F.3.b.
Final maximum on NQ is 12).

The number of spring dampers to be
supplied on Cards D.8 (20 maximum).

Number of harness-belt systems to be
supplied on Cards F.8, may be zero or
blank. Maximum value = 5.

The number of wind force and drag
coefficient functions to be supplied on
Cards E.8, may be zero or blank. The
maximum = 850 if no other force functions
are supplied.

The number of joint restoring force
functions to be supplied on Cards k.7,
may be blank or zero. The maximum = 350

if no other force functions are supplied.

The number of force and/or torque
functions to be supplied on Cards D.9
{(maximum = 3).

Rev IV.0
64



If NPL is nonzero on Card D.1, NPL sets of Cards D.2 are
required.

Card D.2.a FORMAT (14, 4X, S5A4)

J The plane identification number, must be
supplied as consecutive integers from 1
to NPL.

PLTTL A 20 character description of the Jth
panel.

Cards D.2.b - D.2.d FORMAT (3F12.0)

Pi(I),I=1,3 The x, y and z coordinates of point Pl in
vehicle (or segment to which the plane is
attached) reference (in).

P2(1),I1=1,3 The x, y and z coordinates of point P2 in
vehicle (or segment to which the plane is
attached) reference (in).

P3(1),I=1,3 The x, y and z coordinates of point P3 in
vehicle (or segment to which the plane isx
attached) reference (in).

Where P1, P2 and P3 are three of the corners of a parallelogram
such that the edge P1P2 is less than 180 degrees clockwise (as
viewed from the external surface) from the edge PIP3. lote:
Any previous input deck in which the vector P!P2 is not
perpendicular to the vector PIP3 will now produce different
regults.

Note: The pogitive ride of the plane is defined by crossing

the edge vector, P1P2, into the edge vector, PI1P3. Contact
with a plane must occur with the positive side.
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If WBLT is nonzero on Card D.1, WBLT sets of Cards D.3 are
required.

Card D.3.a FORMAT (BA4)
BLTTTL A 20 character description of the Jth
belt.
Card D.3.b FOBRMAT (6F12.0)
BELT(I,J),I=1,3 The x, y, and z coordinates, in vehicle

(or segment to which belt is anchored)
reference, of anchor point A for the Jth
belt (in).

BELT(I,J) ,1=4,6 The x, y, and z coordinates, in vehicle
(or segment to which belt is anchored)
reference, of anchor point B for the Jth
belt (in).

Note: The program must pass a plane through the three points:

The anchor point A, the anchor point B and a fixed point on the
contacted body segment. If anchor points A and B coincide,

they must be separated slightly such that the desired belt

plane will be defined. Also, the anchor points must be located |
such that they are not allowed to penetrate the contact |
ellipgoid to which the belt is attached. |
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Card D.3.c

BELT(I,J),I=7,9

BELT(10,J)

BELT(11,J)

FORMAT (5F12.0)

The x, y, and z coordinates, in the
contact ellipsoid reference (not the
local reference system of the segment),
of the fixed contact point on the body
gegment for the Jth belt (in).

Currently not used by the progranm.

Belt slack (in). If BELT(11,J) is zero
or positive, the initial belt length with
slack is defined by adding the belt slack
to the initial geometric length,
calculated from the placement of the belt
points. If BELT(11,J) is negative and
its magnitude is less than the initial
geometric length, the geometric length is
defined as the initial belt length with
no slack. If BELT(11,J) is negative and
its magnitude is greater than the
geometric length, the value supplied will
be defined as the initial belt lenth with
slack. Note that the belts do not allow
pretensioning.
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If NBAG is nonzero on Card D.1, NBAG sets of Cards D.4 are
required by Subroutine AIRBGl. Note: All references to the
vehicle refer to the primary vehicle, segment No. NVEH (NSEG +
the number of vehicles supplied in the C cards.

Card D.4.a

BAGTTL

NPANEL (J)

Card D.4.Db

AB(I,J),I=1,3

BFA(1,J),1=1,3

Card D.4.c

YB,PB,RB

ZDEP(1,J),1=1,3

FORMAT (5A4, I4)

A 20 character description of the Jth air
bag.

Number of vehicle contact panels that are
allowed to interact with the Jth air bag
(maximum = 4).

FORMAT (6F12.0)

The x, y and z semiaxes of the Jth air
bag when fully inflated and undeformed
(in).

The x, y and z coordinates of the center
of the air bag contact ellipsoid with
respect to the air bag center-of-mass
(in).

FORMAT (6F12.0)

The initial orientation (yaw, pitch, and
roll) of the Jth air bag in the vehicle
reference (deg).

The x, y, and z coordinates of the
deployment point of the Jth air bag in
the local reference of the ist panel on
Cards D.4.¢ and h (in).
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Card D.4.d FORMAT (6F12.0)

XBM(J) Weight of air bag membrane ana contents
(1bs) .

CYTD(J) Gas supply actuator firing time after the
start of vehicle deceleration (sec).

CYPA(J) Atmogpheric pressure (psia).

CYSP(J) Initial gas supply pressure (psig).

CYTO(J) Initial gas supply temperature (deg R).

cYVO(J) Gas supply reservoir volume (inwa3).

Card D.4.¢e FORMAT (6F12.0)

CYCD (J) Sonic throat discharge coefficient
(dimensionless).

CYK(J) Ratio of specific heats of supply gas
(dimensionless).

CYR(J) Specific gaw constant (in/deg R).

CYAT(J) Sonic throat area (inwe2).

CYPV(J) Vent pressure of the exhaust orifice
(paig) .

cYCcDo (J) Exhaust orifice discharge coefficient
(dimensionless).
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Card D.4.¢

CYAQ(J)

SPRKX (J)

VSCS (J)

CK(d)

CMASS (J)

NPANEL(J) sete of the
define the ellipsoids
for the Jth air bag.

Card D.4.§

B(I,X,J),I=1,3

BFB(I ,K,J) ,I=1,3

Card D.4.h

ZR(1,X,J),I=1,3

YP,PP,RP

FORMAT (5F12.0)
Exhaust orifice area (in##2),

Spring constant of a linear spring used
to simulate attachment of the bag at the
deployment point in the vehicle (1b/in).

Coefficient of sliding friction of the
air bag (dimensionless).

Parameter used to stabilize air bag
numerical integration (gec##-1).
Suggested value = 250.

Multiplier to increase or decrease the
mass of the air bag to artificially
dampen the integrated air bag motion.

following two carde are required to
ugsed to approximate the contact panels
The firgt pane]l is the reaction panel.

FORMAT (6F12.0)

The x, y, and z semiaxes for the Kth
panel for the Jth air bag (in).

The location of the center of the panel
ellipegoid with respect to its center-of-
masa (in).

FORMAT (6F12.0)

The x, y, and z coordinates in vehicle
reference of the center-of-mass of the
Kth panel of the Jth air bag (in).

Angular orientation; yaw, pitch and roil
(deg.), of the Ktk panel with respect to
the vehicle.
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If MELP is nonzero on Card D.1, NELP D.5 Cards are required.

Note: NELP is the number of contact ellipsoids and
hyperellipsoids to be supplied here, not the total number of
contact ellipsoids in the program. The first NSKG ellipsoids
were supplied on Cards B.2. They may be replaced here and
additional (hyper)ellipsoids may be added.

Cards D.S
(NELP Cards)

PI(1),1=1,3

P2(I),I=1,3

P3(1),I=1,3

P4(I),I=1,3

FORMAT (I8, 9F6.0,3F4.0)

Contact (hyper)ellipsoid number, maximum
ia 40, If M ¢ NSEG + 1, data will
replace input supplied on Cards B.2. If
M ig equal to a vehicle or the ground
segment number, it is associated with
that segment. Otherwise, M must be
greater than NSEG + the number of
vehicles + NBAG + 1.

The x, y, and z semiaxes of the contact
(hyper)ellipsoid (in).

The x, y, and z coordinates of the
(hyper)ellipsoid offset from the segment
center-of-mass.

The yaw, pitch and roll (degrees) of the
contact (hyper)ellipsoid from the locai
reference axis of tiae segment.

The powerg of the (hyper)ellipsoid. 1I.e.
the values of Ni in the (hyper)ellipsoid
functional; (x/a)wul] + (y/b)#sN2 +
(z/c)#%N3. Values must be even integers.
If all P4 are less than or equal to 2 the
surface will be treated a2 an ellipsoid.
If P4(1)>0 and P4(2) or P4(3) are zero,
the zero value(s) will be set to P4(}),
i.e. only P4(1) needs to be entered for
all equal powers.

Note: Hyperellipsoids may not be uged
with the belt, airbag, harness belt or
wind routines, or with the roll-slide
options for plane-gsegment or segment-
segment contact. Also different powers
can only be used for plane-segment
contacts without the edge-effect option.
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It NQ is nonzero on Card D.1, NQ D.6 Cards are required.

Cards D.6 FORMAT (316, 6F6.0)
(NQ Cards)
KQTYPE(J) Type No. of the Jth constraint

1: Point specified by RKl on gegwent KQl
will be constrained to be the same as
the point specified by RK2 on segment
KQ2.

2: Point specified by RKl on segment KQl
will be constrained to remain at an
equal distance, D, (where D > 0) from
the point specified by RK2 on segment
KQ2.

5: Tension element constraint connecting
point RKl on segment KQl to point RK2
on segment KQ2 (requires two cards
with the same KQTYPE, XQl and KQ2 on
both) .

KQ1(J) Segment identification number of the lst
specified point.

KQ2(J) Segment identification number of the 2nd
specified point.

BK1(I,J),1=1,3 Coordinates of specified point in the
local coordinate system of segment KQl
(in). If KQTYPE = 5, the second card
will contain the effective masses MA, MB
and MAB (lb.sec#®2/in) in place of RKl.

RK2(I1,J),I=1,3 Coordinates of specified point in the
local coordinate system of segment KQ2
(in). If KQTYPE = 5, the second card
will contain the spring constant K
(1b/in), the viscous damping constant D
(1b sec/in) and the reference length L
(in) in place of RK2.

Note: 1If KQTYPE = | and XKQ2 is the
number for the vehicle, then Subroutine
EQUILB will modify these values of RK2
such that they will be equivalent to RKI
in inertisl reference for time zero (see
description under Carde G.6.).
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Card D.7 is always required. Supply blank card for normal 3D

motion.
Card D.7

NSYM(J) ,J=1,NSEG

NSYM(J) = 0 :
NSYM(J) = J :
NSYM(J) = K :
NSYM(J) = -X :

FORMAT (1814) If NSEG>18, use 2 cards.

Controls symmetry option of body segments
as follows :

Normal three-dimensional motion for body
segment J.

Motion of body segment J will be
restricted to a x-z plane parallel to the
inertial x-z plane with no lateral
motion, hence it will be two-dimenszicnal.

Body segments J and K are to remain
symmetrical with no lateral motion. The
motion of each will be replaced with
their average and restricted to a x-2
plane parallel]l to the inertial x-z plane.
NSYM(X) must equal J.

Body segments J and K are to remain
mirror symmetrical with respect to a x-z
plane parallel to the inertial x-z plane.
Equal but opposite lateral motion is
permitted. NSYM(K) must squal -J.

Note: In the above symmetry options, the user must take
extreme care that all input will allow the symmetry to exist.
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It N8D i

Cards D.
(

MSDM(J
MSDE(J

APSDM(
APSDN(

ASD(I,
I=1

I=2 :
I=3 :
I=4¢
I=5 .

The quad
and the
defined

where D
the poin

The fo0ll

() It
th

(2) It

s nonzero on Card D.1, NSD D.8 Cards are required.

8 FORMAT (213, 11F6.0)

NSD cards)

) Segment identification numbers (M and N)

) to which the Jth spring damper is
attached.

1,J),.1=1,3 Coordinates of attachment points in local

1,J),1=1,3 segmant reference on segments M and ¥ for
the Jth spring damper (in.).
J),1=1,8 Coefficients of quadratic functions.
: DO (in)

Al (1b/in) or integer

A2 (1b/in¥x3)

Bl (1b sec/in) or integer
B2 (1b secw#2/in#x2)

ratic functions used to compute the spring force (FS)
viscous force (FD) for the Jth spring damper are
by the following relations:

FS= (D-DO)= (1Al ¢ A2%#{D-DO!)
FD= DV#( Bl + B2#{DV!)

and DV are the distance and its time derivative between
ta APSDM and APSDN.

owing options are available:

Al1<0, this will act strictly as a tension element and
e program will set FS=0 and FD=0 for (D-D0)<(O0.

DO<O0 and A2=0 or (D-{DO!)<O

If Al=0, program will set FS=0.

If Al%0, Al will be a function number (a positive real
integer) to indicate that FD will be evaluated as a
function of (D-!D0!) using function No. Al defined on
Cards E.

. If Bl=0, program will set FD=0.

If B180, FD will be computed am FS above by function
No. Bl.
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If NFORCE is nonzero on Card D.1, WFORCE D.9 Cards are

required.

Cards D.9
(NFORCE cards)

NFVSEG(J)

NFVNT (J)

X,Y,2

Y,P,R

FORMAT (216, 6F10.0)

The identification aumber of the segment
to which the Jth force function is to be
applied. If NFVSEG(J) is negative, a
time-dependent torque will be applied to
the segment instead of a force.

The identification number of the function
on Cardas I that defines the force (1lbs)
or torque (in-1bs) as a function of time
(sec).

The coordinates (in) of the point in the
local reference of segment NFVSEG at
which the force or torque is to be
applied.

The yaw, pitch and roll (degrees) of the
force coordinate system with respect to
the iocal reference of segment WFVSEG.
The force is applied in the direction of
the positive x axis of this force
reference system. The force coordinate
system i8 initially aligned with the
segment local reference system. If a
torque is to be applied, it will be
applied about the x axis of the force
coordinate system, where a positive
torque is in a counterclock-wisge
direction looking down the positive x
axiz towards the origin.
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Subroutine CINPUT (functions input)

The functions defined by the E.1 through E.4 cards are {
referred to by number in the NF arrays required on Cards
F.l1.b, F.2.b, F.3.b, F.4.b, F.8.c ani F.8.d1l, and by other
variables on Cards D.8 and D.9. They are used to define
the force deflection, ineriial spike, R (energy absorption)
factor, @ (permanent deflection) factor, friction
coefficient, rate dependent, stress/strain and other
functions.

Each function may be subdivided, if desgired, into two
separate parts, Fl and F%, where

F1(D) is defined for O .LE. DO .LE. D .LE. (Dl!

F2(D) is defined for {Dl! .LE. D .LE. iD2!.

In addition, each part of a function may be defined by
either of three functional forms: constant value, tabular
data or a fifth degree polynomial. The existence and form
of each part is determined by the supplied values of DO, DI
and D2 as follows:

Fl F2 Do D1 D2
Constant - 0 0 D2 = Fi !
Tabular - DO bl .LT. O 0 !
Polynomial - DO Dl .GT. O 0 {
Tabular Polynomial Do bl .LT. 0 D2 .@T. O |
Polynomial Tabular Do DI .GT. 0 D2 .LT. O {
Polynomial Polynomial DO Dl .GT. O D2 .4T. 0 f

The routines asgume: |
If D.GT.!D2: then F(D) = F(iD2!) for D2.NE.O.
If D.GT.iIDl} then F(D) = F(iDli) for D2 = 0.
If D.LT.DO then F(D) = F(DO). !
The case of both Fl1 and F2 being tabular is unneceasary.
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A maximum of 50 functions may be supplied to the program.
These functions may be of the types described on Cards E.1l-
E.4, Cards E.6 or Cards K.7.

Card E.1

I

KTITLE

FORMAT (14, 4X, SA4)

The function identifying number. These
numbers need not be supplied in numeric
order. If the same number is used more
than once, a warning will bs printed and
the last one supplied will be used. The
end of the function input is indicated by
supplying a single card with I > 50.

A 20 character alphanumeric title
describing the function.
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Card E.2

DO

D1

D2

D3

FORMAT (5F12.0)

The lower abscissa value of the first part
(F1) of the function. Units are dependent
on usage of the function, i.e. in. for
deflection, in./in. for stress-strain,
in/sec for rate dependent functions.
Normally a value of zero is used for force
deflection functions. A negative value
may be supplied for rate dependent
functions.

The magnitude of D]l is the upper abscissa
value of F]l and the lower abscissa value
of F2, if any. Dl ¢ 0 indicates Fl is
tabular, Dl > 0 indicates Fl is a
polynomial, and D] = 0 indicates Fl = D2,
a constant.

If D1 = 0, D2 is the constant value of Fl.
Otherwise, the magnitude of D3 is the
upper abscissa value of F2. If D2 = 0, F2
is not defined; if D2 is negative, P2 ix
tabular; and if D2 is positive, F2 is a
polynomial.

If the function is to be usmed for an
inertial spike, D3 represzents the abacizsa
value for which the inertial spike is to
be ignored if unloading occurs after
deflection exceeds D3.

If the function is to be used for a
coefficient of friction, a value of D3 = 0
means that the impulse option will not bde
used for those contacts using this
function. If the impulse option is used,
D3 = (1+U)/2 and U is the classical
coefficient of restitution for the impulse
option (0<D3IC1 or -1(U(+1),

If the function is to be used for a
coefficient of friction for a
globalgraphic joint, the value of D3 is
used to specify the impulse. (See Card
B.5.)
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Card E.2 (continued)

D4

If the funoction is to be used as a force
deflection function for plane-segment
contact D4, is a scalar that determines
the point of contact force application.
The point of application can be anywhere
along a line between the point of maximum
penetration and the center of the
intersection area. S8upply zero for the
point of maximum penetration aid vua for
the center of the intersection area
(0¢D4<1).

If used as the friction function for a
roll-slide constraint, D4 iz the
coefficient of static friction to be used
for the roll constraint.

E-4 Rev V.0
79

et sy smin g e e e




If Fl1 is a polynomial, an E.3 card is required.
tabular data, a set of E.4 cards iz required.
E.3 card, for a polynomial F2, or a set of E.4 cards, for a

1f Fl is
If F2 exists, an

tabular F2, follows the cards defining Fl.

Card E.3

A0 ,Al,A2,A3,A4 A5

Card E.4.a

NPI

Cards E.4.D

(X(I1),Y(1),I=1,NPI)

Note:

FORMAT (6F12.0)
Coefficients of a fifth-degree polynomial

F = A0 + ALI*X + A28Xuu2 + A3#Xua]
+ A4uXung ¢+ ASaXnuS

(Units are dependent on use of the
function)

FORMAT (I16)

The number of data points to be supplied
to identify the function if it ig defined
in tabular form.

FORMAT (6F12.0)

The abscissa and ordinate values of the
data points used to define the tabular
form of the function. The program will
linearly interpolate to determine
intermediate values. Supply 3 points per
card; use as many cards as required.
Note: Abscissa values must be supplied
in ascending order, starting with the
lower abgcissa value, DO or D1, and
ending with the upper abscissa value, DI
or D2.

(Units are dependent on use of the
function.)

Always supply a Card E.1 with a function number > 50

after all functions are defined to signal the end of the

function inputs.
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Subroutine XINPUT (wind force and joint restoring force
functions)

If NWINDF=0 on Card D.1, Cards K.6 ars not required.
Otherwise, NWINDF gets of Cards E.0.2a - E.0.d are required.

Note: There are now two types of wind force functions. The
first is the time dependent wind force function that wasg in
previous versions. The coordinate system that the
components of the wind force pressure vector are specified
in can now be selected for this option (it was previously
the ground). The recently added second type of wind force
function computes the wind force as a function of the
relative velocity of a segment. It iz based on inviscid,
subsonic compressgible flow theory for a fluid in which the
segments are completely immersed. Also, there is now the
option of using a time dependent drag coefficient of the
form: F = CD*P where P is the wind force pressure computed
either by the time dependent wind force option or by the
relative velocity wind force option, CD is the time
dependent drag coefficient and F is the wind force on a

segment .
Card E.8.a FORMAT (I4, 4X, SA4)
I,KTITLE Same as Card E.1. Each function number

(I) must be less than 81 and must be
distinct from those supplied on Cards
E.l.
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Note: FPrevious versions required a blank Card E.6.b. If the
time dependent wind force or drag coefficient option is
gselected a blank Card E.6.b ig required unless the orientation
of the wind forces, FX, FY and FZ supplied on Cards E.B8.d, are
with regpect to a segmwent other than the ground. In this case
the reference segment identification number (D4) must be
supplied, with all other Card E.6.b parameters not required.
If the velocity dependent wind force option is selected, the
following parameters must be supplied.

Card E.€ b

Do

D1

D2

D3

D4

FORMAT (3F12.0,2112)

Ratio of specific heata of the compregsible fluid
in which the segments are immersed. Required when
the wind force is calculated ag a function of
velocity. For time dependent wind force functions
and drag coefficient functions must be zero or
blank. (Dimensionless)

Speed of sound of the compresgible fluid in which
the segmernts are immersed (in./sec.). Required
when the wind force is calculated as a function of
velocity. Not used by time dependent wind force
or drag coefficient functions.

Absolute pressure of the fluid in which the
gsegments are immersed (lbs./in.#%2). Note that it
is assumed constant, i.e. the change in altitude
of the segment is agsumed to ve small. Required
when the wind force is calculated as a function of
velocity. Not used by time dependent wind force
or drag coefficient functions.

Identification number of the segment whose
velocity relative to reference gegment D4 ig usged
to compute the velocity dependent wind force.
Required when the wind force is calculated as a
function of velocity. Not used by time dependent
wind force or drag coefficient functions.

Reference segment identification number for the
caordinate sygstem that D3's velocity will be
relative to if a velocity dependent wind force is
gelected. For time dependent wind force
functions, it is the reference segment number
whoge coordinate system the components of the wind
force, FX, FY, and FZ (from Cards E.6.d-n) are
with respect to. If zero or blank, default will
be the ground. Mot used by drag cosfficient
functions.
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0 on Card E.6.Db).
Card E.8.c

NTMPTS

Not required for velocity dependent wind force functions (D0 ¢

FORMAT (I16)

The number of time points or cards
required to define the time dependent
wind force function on Cards E.6.4.

Not required for velocity dependent wind force functions (DO ¢

0 on Card E.6.b).

Cards E.6.d
(NTMPTS cards)

FX,FY,F2

FORMAT (4F12.0)

Time (sec.) associated with the time
dependent wind force function pressure
vector or time dependent drag coefficient
given below. Values should be in
agcending order with first value equal to
zZero.

If & time dependent wind force function,
the x, y and z components of pressure
[torce per unit area (1bs./in.wx2)] due
to the wind blast at time T. The
components of the pressure vector are
with respect to the local coordinate
system of segment D4 specified on Card
E.6.b. The program will use linear
interpolation on T. If the last value of
T is exceeded, the corresponding last
values of FX, FY and FZ will be used for
the remainder of the run.

If a time dependent drag coefficient
function, FX is the drag coefficient
(dimensionless) at time T, while FY and
FZ are not used. The same interpolation
scheme and approach for time greater than
the last T used for the time dependent
wind force option also applies for the
drag coefficient function.
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It NIRTF=0 on Card D.1, Carde E.7 are not required. Otherwise,
NJNTF (from Card D.1) sets of Cards E.7.a - E.7.d are required.
The KE.7 cards can be used to provide joint flexural spring
characteristics that are dependent on two joint angles,
flexure, THETA and azimuth, PHI. This joint spring
characteristic can be defined as a two dimensional matrix of
Joint torque values, at evenly spaced values of THETA and PHI,
or as a set of polynomials dependent on PHI, for evenly spaced
valuyes of THETA.

Card E.7.a FORMAT (I4, 4X, SA4)

I,KTITLE Same as Card E.1 except that each
function number (I) must be less than 51
and must be distinct from those supplied
on Cards E.] or Cards E.6.a.

Card E.7.0b A blank card is required.
Card E.7.c FORMAT (216)
NTHETA Magnitude indicates the number of columns

in the two dimensional input dats matrix
to be supplied on Carde E.7.d. The
minimum value iz 2. If positive, the
NTHETA entries in each row will be
tabular data for equally spaced values of
the joint flexure angle (THETA) between 0
and 180 degrees. If negative, the
entries will represent the coefficients
of a (!NTHETA!-1) order polynomial in
(THETA-THETAO) .

NPHI The number of rows of the matrix of data
to be supplied on Cards E.7.4-E.7.n.
Each row represents equally spaced values
of the joint azimuth angle (PHI) between
~180 and ¢180 degrees, but does not
include the last row since the program
assumes data for PHI(NPHI+1)=180 are the
same ag for PHI(1)=-180. Minimum = ],

E-9 Rev IV.0O
&4




Cards £.7.d
(NPHI sets of cards.

THETAO

F(J) ,J=2,NTHETA

FORMAT (SF12.0)
Use extra cards per set if INTHETA! > 5.)

The value of the “dead band’ zone for
this value of PHI (DEGREES). If the
flexure angle (THETA) is less than
THETAO, the joint restoring torque will
be zero.

For NTHETA positive, tabular values of
the joint restoring torque (in-1bs) for
flexure angles:

THETA(J) = (J-1)%180/ (NTHETA-1) degrees

Values of zero should be supplied for
THETA ¢ THETAO.

For NTHETA negative, the coefficients of
a polynomial for the joint restoring
torque (in-1bs) in (THETA-THETAO) of
order one less than the magnitude of
NTHETA. F(J) is the coefficient of
(THETA-THETAQ) %% (J-1) where (THETA-
THETAO) is expressed in radians.
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F. Subroutine FINPUT (allowed contacts)

On many of the F Cards, a segment number to which a plane or
ellipsoid is attached ig required. These segment numbers refer
to the index I for the segments defined on the B.2 cards, the
vehicle segment number from the C cards or the ground segment
number. The inertial or ground segment is assigned a segment
number NGRND. Where NGRND is equal to the sum of NSEG (Card
B.1), the number of vehicles (Cards C), NBAG (Card D.1) and
one.

1f WPL is nonzero on Card D.1, Cards F.]1 are required.

Card F.l.a FORMAT (18I4) 1If KPL>18, use 2 cards.

MNPL(J) ,J=1,NPL For plane J, the number of segments for
which segment-plane contact iz allowed.
NPL is the number of planesg from Card
D.1. The value of any MNPL for plane J
may be zero and the maximum value is 5.
However, if it is required to have more
than § segments contact the same plane,
set up two or more identical planes and
permit a maximum of 5 segments to contact
each plane. The maximum total number of
plane-gsegment contacts is 70.

For each plane J, MNPL(J) cards of the following must be
supplied.

Cardsg F.1.0b FORMAT (1014)

| 8] The plane number for which contact is
allowed. N must correspond to J above.
There must be MNPL(J) cards with this
same WJ. If MWPL(J) = 0, no WJ = J
should be present.

NS(1) The segment number to which plane J is
attached.
NS(2) The segment number (determined by the

card number I under Card B.2.a) for which
contact with the NJth plane is allowed.
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Cards F.1.b (continued)

NS (3)

NF(1)

NF(2)

NF(3)

The number of the contact
(hyper)ellipsoid associated with the
segment NS(2). If negative, the contact
location printed in the tabular time
history for this contact will be in the
local reference coordinate systeam of
segment N8(2), if positive, it will be
for segment NS(1).

The function No. from Card E.1 to define
the force deflection function for this
contact.

If WF(1)s0, a roll-slide constraint will
be exercised by the program for this
contact which does not require NF(2),
NF(3) or NF(4) but does require a
friction coefficient function to be
defined by NF(S8). Also, the initial
positions on Cards G.2 wust be such that
there is no contact at time = 0. Note:
The roll-slide option cannot be used with
hyperellipsoids.

It positive, the function No. from Card
E.]1 to define the inertial spike function
for this contact. If zero or negative,
no inertial spike exists.

1f negative, the magnitude specifies the
function No. for F2 of the rate dependent
functions described below.

If positive, the function No. from Card
E.1 to define the R (energy absorption)
factor function. A value of R=])
indicates that all energy is recovered
(no loss) and R=0 indicates that no
energy is recovered. If NF(3)=0, R=1 is
assumed (default).

If negative, the magnitude specifies the
function No. for F3 of the rate dependent
functions described below.
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Cards F.1.b (continued)

NF (4) If positive, the function No. from Card
E.1 to define the G (permanent
deflection) factor function. If NF(4)=0,
G=0 iz assumed (default).

If negative, the magnitude specifies the
function No. for F4 of the rate dependent
functions described below.

NF(5) The function No. from Card E.) to define
the friction coefficient function. If a
roll-slide constraint is used for this
contact (NF(1)=0), the value of D3 on
Card E.2 for this function should be 0.5.

Note: By defining NF(2), NF(3) and NF(4) as all negative, the
contact force is defined by deflection and rate dependent
functions, instead of the inertial spike, R factor and G factor
functions. The combined deflection and rate dependent function
is defined by:

When D)0, F(D,D') = FI(D) ¢ F2(D)«F3(D’') + F4(D"')
¥hen D<O, F(D,D') = 0.

Where D and D’ are the deflection and rate of deflection and
F1, F2, F3 and F4 are functions specified by NF(1), NF(2),
NF(3) and NF(4), respectively. 1If NF(3), NF(3) or WF(4) is
zero, the corresponding function (F2, F3 or F4) is zero.

Note: There can not be a mix of positive and negative values
for NF(2), NF(3) and NF(4), i.e. they must all be either zero
or positive, or they must all be zero or negative.

Care must be taken in defining F1(D), F2(D), FI(D') and F4(D'),
so that F(D,D’') is not negative for any possible values of D
and D'.

F-3 Rev IV.0
88




Cards F.1.b (continued)

n Indicator for the plane-segment edge
effect option and infinite plane options:

WX=0 - standard finite plane test. Mo
H force is applied unless the

center of the intersecting
ellipse is within the plane
boundaries. No force is applied
for complete penetration of the
(hyper)ellipsoid.

NX>0 - edge effect test. When only part
of the intersecting ellipse is
within the plane boundaries, the
deflection and corresponding
force are caloulated at the
centroid of the area of the
ellipse that is within the plane
boundaries. No force is applied
for complete penetration of the
(hyper)ellipsoid. This option
cannot be used with a
hyperellipsoid that bhas unequal
powers.

NX=-1 - the plane is assumed infinite.
Therefore no doundary test is
made. No force is applied for
complete penetration of the
(hyper)ellipsoid.

NX=-2 - the plane iz assumed infinjite.
Therefore no boundary test is
made. A force is applied for
complete penetration of the
(hyperlellipmoid.

NX(-2 - standard finite plane test. Mo
force is applied unless the
center of the intersecting
ellipse is within the plane
boundaries. A force is applied
for complete penetration of the
(hyper)ellipsoid,
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If WBLT is nonzero on Card D.1, Carda F.2 are required.

Card F.2.a

MNBLT(J) ,J=1,NBLT

FORMAT (8I4)

For belt J, the number of segments for
which segment-belt interaction is
allowed. MNBLT is the number of belts
from Card D.1. Each MNBLT may have a
value of only 0 or 1.

For each belt J, MNBLT(J) cards F.3.b must be supplied.

Cards F.2.b

NJ

NS(1)

N8(2)

NS (3)

NF(1)

NF(I),I1=2,4

NF (5)

FORMAT (9I4)

The belt number to be contacted, must
correspond to J above. There must be
MMBLT(J) cards with the same NJ. If
MMBLT(J) = 0, no MJ = J should be
present.

The segment number tc which belt BJ is
attached.

The segment number (determined by the
card number I under Card B.2.a) for
which interaction with the NJth belt is
allowed.

The number of the contact ellipsoid
agsociated with the segment NS(2). Note:
Hyperellipsoids can not be used with this
option.

The function number from Card E.l to
define the force-deflection function for
thiz contact. The abacissa for this
function should be strain (in/in).

Same definition as on Card F.1.b above.

1f non-gzero, full belt friction is
agsumed, i.e., forces ~re computed for
each half of the belt ageparately. If
zero, gero belt friction is assumed,
i.e., belt tension is the same at both
belt anchor points.

Note: The use of rate dependent functions as defined under
cards F.1.b is not permitted for belt-segment contacts.
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Card F.3.a is always required. It may be blank to specify that
no segment-segment forces are to be computed by the program.

Card F.J.a

MNSEG(J) ,J=1,NSEG

FORMAT (18I4) If NSEG)>18, use two cards.

For segment J, the number of segments for
which segment-segment contact iz allowed.
NSEG is the number of segments from Card
B.1. Each segment contact, A versus B,

may be inputted either way except where

an interior contact is dezired (see

NS(3)).

Any or all values of MNSEG may be zero.

The maximum value for each MNSEG is S.

The maximum total number of segment- |
segment contacts is 40. o

For each segment J, MUSEG(J) cards F.3.b must be supplied.

Cards F.3.D0

| B

NS(1)

NS (2)

N8 (3)

NF(I), 1=1,5

FORMAT (9I4)

The segment number to be contacted, it
must correspond to J above. There must
be MNSEG(J) carda with this same NJ. 1If
MNSEG(J) = 0, no WJ = J ghould be
present.

The number of the contact
(hyper)ellipsoid associated with segment
HJ. A hyperellipsoid must have equal
powers.

The segment number (determined by the
card number I under Curd B.2.a) for which
contact with the BJth segment is allowed.

The number of the contact
(hyper)ellipsoid associated with the
segment NS(2). A hyperellipsoid must
have equal powers. If negative, an
interior contact will be assumed with
ellipsoid NS(1l) inside MN8(3).
Ryperellipsoids can not be used for
interior contacts.

Same definitions as on Card F.1.b above.

Note: The use of rate dependent functions, as defined under
Cards F.1.b, is permitted for segment-segment contacts.
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If BJNT is nonzero on Card B.1, Card F.4.a is required. Supply
1GLOB=1 for globalgraphic option, otherwise supply 0 cr
blank.

Card F.4.2 FORMAT (18I4) If BMJNT)>18, use two cards.

IGLOB(J) ,J=1 ,MJNT For each joint J, supply 1 for IGLOB(J)
if IPIN(J) is +3 or -3 on Cerds B.3.a -
B.3.J; otherwise supply szeroc or blank.
One card F.4.j sust be supplied below for
sach J for which IGLOB(J) =1.
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Cards F.4.)b FORMAT (9I4)

| R) The identification number for a
globalgraphic joint, must correspond to J
above and cards must be supplied in
ascending order on NJ.

Ns(1),1=1,3 Currently not used by program.

NF(1) The function number from Card E.l to
define the torque-deflection for this
globalgraphic joint. The ordinate for
this function should be torque (in.-1b.)
and the abscissa is the angular
deflection (radians) into the stop.

NF(2) The function number from Card E.1 to
define the Herron formulas for T (joint
stop angle in radians) and its derivative
TP with respect to PHI both as functions
of PHI (the joint angle from the
reference axis in radians). Normally
they will be computed by:

T = Pl + SPsP2
TP = P1' ¢+ CP#P2 + SP#P2’

where Pl, P2 are the S5th degree
polynomial evaluations of COS(PHI)
using the two polynomials Fl and F2
obtained by setting both D1, D2 > 0
on Card E.2;

Pi1’, P2’ are their derivatives with
respect to PHI;

and CP, SP are COS(PHI) and SIN(PHI).

11 D1, D2 are not both positive, T and TP
will be evaluated as functions of PHI in
radians (0 ¢ PHI ¢ 2%PI1) as specified on
Cards E.1 - E.4 for function NF(2).

NF(I),1=3,5 Same definitions as on Card F.1.b above
except that the use of rate dependent
functions is not permitted.
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If WJNT>0 (Card B.1) and MJNTF>O (Card D.1), Card F.5.a is
required.

If NJNT>0 and MINTF=0, the program will set the JOINTF array to
zero and Card F.5.a is not required.

Card F.5.a FORMAT (18I4) use two cards if NJNT > 18.

JOINTF(J) ,J=1 ,HJNT PFor each joint (J), the function
identification number as supplied on
Cards E.7.a to be used by Subroutine
VISPR to compute the joint restoring
force by Function FETERP. 1If zero, the
values of SPRING(1,3%#J-2) as supplied on
Cards B.4.a will be used using Function
EJOINT.

If NBAG & 0, NBAG cards of the following must be supplied.
Since the air bag routines do not use the force-deflection
functions, this input has different formats than for the above
allowed contacts.

Cards F.6 FORMAT (214, 20I2)

K The air bag number corresponding to the
index J under Cards D.4 above. K must be
in numeric order X = 1 to NBAG, where
NBAG is the number of air bags defined on
Card D.1.

NK The number of segments allowed to contact
the Kth air bag. The maximum value is
10. If WK = 0, the remainder of the card
is blank.

MBAG(2,I,K), The segwent numbers (determined by the
MBAG(2,I,K) ,I=]1 MK card number I under Card B.2.a) each
followed by the number of the associated
contact ellipsoid for which contact
forces with the Kth air bag will be
computed. MNote: Hyperellipsoids can not @
be used with the airbag routines. o
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If NWINDF=0 on Card D.1, Cards F.7 are not required and the
program will set the MWSEG array to zeros. Otherwise, Cards
F.T7 are required.

Card F.7.a FORMAT (1814) use two cards if KSEG ) 18.

MWSEG(1,J) ,J=1,NSEG For each segment J, supply zero if no
wind force calculations are to be
performed. Otherwise, supply a value of
one to indicate wind forces are to be
computed.

Supply a Card F.7.b for each segment (J) where MWSEG(1,J) = 1,
Card F.7.b FORMAT (714,2212/20X,812)

JJ The segment identification number f{rom
Cards B.2.a for which wind force
calculations are to be performed. Must
correspond to J from Card F.7.a and be
supplied in ascending order.

If negative the wind force will de
calculated using an overlaying grid,
allowing for blocking by other segments.
(Note: This option may significantly
increase run time.)

MWSEG(2,J) The number of the contact ellipsoid to be
asgociated with segment number JJ.
Hyperellipsoids can not be used with this
option.

MWSEG(3,J) The segment identification number (MSEG+]

for the vehicle associated with plane
number MWSEG (4,J).
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Card F.7.b (continued)

MWSEG(4,J)

MWSEG(5,J)

MWSZ@(6,J)

MWSEG(7,J)

(MOWSEG(2K-1,J),
MOWSEG(2X,J)),
K=1,MWSEG(7,J)

The plane identification number from Card
D.2.a through which if segment J passes,
wind force calculations will be
performed.

The function number f{rom Card E.6.a for
the wind force function to be used.

The function number f{rom Card E.6.a for
the drag coefficient function to be used.
If zero or blank, 1.0 will be used for
the drag coefficient.

Number of segments that may block segment
JJ from the wind force. Only used if JJ
is negative.

The segment identification number and
contact ellipsoid number of the possible
segments blocking segment JJ from the
wind force. Used only if JJ is negative.
If MWSEG(7,J) >11, use & second card,
leaving the first field of 28 columns
blank. If MWSEG(7,J) = 11, & second
card, completely blank should follow this
card.
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F.8 Subroutine HINPUT - Card input for bharness-belt systems.

It NHRNSS ¢ 0 on Card D.1, Cards F.8 must be supplied.

Card F.8.a

NBLTPH(I),
I=1 ,WHRNSS

FORMAT (814)

Number of individual belts for each harness
No. I. May be zero or blank. Maximum value
of the sum of all WBLTPH is 20.

Card F.8.a is followed by NHRNSS sets of Cards F.8.b - F.8.d.

Card F.8.0b

NPTSPB(J),
J=1,NBLTHP(I)

FORMAT (1814) use two cards if NBLTPH(I)>18.

The number of reference points including
anchor points for belt No. J of harness No. I.
May be zero or blank. The maximum value of
the sum of all NPTSPB for all harness-belt
systems is 100. The maximum value of the sum
of all NPTSPE for any one harness belt system
is 50. The maximum value of any individual
NPTSPB is 285.

Each Card F.8.b is followed by WBLTPH(I) sets of Cards F.8.c -

F.8.4.
Card F.8.c

NF(L) ,L=1,5

XLONG(J)

FORMAT (514, F12.0)

The function numbers from Cards E.1 to define
the stress-strain of belt No. J. The
definition of these functions are identical to
those of NF(1) to NF(5) on Cards F.2.b, except
that the use of rate dependent functions is
permitted. NF(3) is currently not used by the
prograa.

The initisl slack (in) of belt No. J. A
negative value can be specified to indicate a
pre-tightened belt. The program will add this
to the initial geometric length to obtain the
initial belt length and distribute the slack
proportionately between the points.
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Each Card F.8.c is followed by NPTSPB(J) pairs of F.8.d] and
F.8.d2 cards to specify the reference points (K) for belt (J)
of harness (I).

Card F.8.d1 FORMAT (0I4, 3F12.0)

KS The segment asgociated with reference point
(X). If a tie-point is being usmed, KS is the
sum of this segment number and 1008KTP, where
KTP is a tie-point identification number. All
points (K) of harness (I) that have the same
non-zero value for KTP (there should be only
one for each belt (J)) will be connected and
should have identical values for all other
input.

- emm e e e e cwm e

KE The identification number of the contact
ellipsoid associated with reference point No.
K. If no ellipsoid is specified (KE=0), the
program will assume a unit sphere.
Hyperellipsoids can not be used with the
harness belt option.

NPD Indicator for the preferred direction option.
If a non-zero integer is given, a non-zero
vector must be specified for BAR(L,K), L= 10,
12 on Card F.8.d2. The reference point will
be allowed to move along the surface in a
direction which is perpendicular both to this
vector and to the normal of the surface
subject to the constraint imposed by D2 of
function NF(5) below. If NPD=0, the nominal
belt line is used in place of this vector.
NPD must be nonzero if point No. K ig a tie-
point. Note: Specifying a preferred
direction (NPD ¢ 0) requires that the
reference point be allowed to move (NDR & 0).
If the belt is permitted to #lip (NDR = 0),
there must be no preferred direction option
(NPD = 0).

NDR Indicator for the delta R option. If NDR = 0,
belt (J) will be allowed to slip at reference
point (K). If NDR ¢ O, belt (J) will not slip
but reference point (K) will be moved along
the nominal belt line. In both cases the
slippage or motion is subject to the
constraint imposed by the coefficient of
friction given by D4 of function NF(3) below.
NDR must be non-zero for end reference (tie or |
anchor) points of the belt. |
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Card F.8.d]1 (continued)

NF(L) ,L=1,4

NF(5)

BAR(L,K) ,L=1,3

The function numbers from Cards E.l1 to define
the force deflection function between belt (J)
and reference point (K). If WF(1) = 0, the
surface is treated as rigid and no
perturbation of the reference point normal to
the surface is allowed. The use of rate
dependent functions, as defined under Cards
F.1.b, is permitted.

The function number from Card E.l to define
the friction coefficients for belt (J) at
reference point (K). Two constant values are
to be defined on Card E.2 of this function by
sotting DD = D1 = D3 = 0. D2 is the
coefficient of friction perpendicular to the
nominal belt line along the surface and D4 is
the coefficient of friction along the nominal
belt line. If NF(S) = 0, infinite friction is
agssumed. It should be noted that the anchor
point ig treated as any other point.
Therefore, if the anchor point is to be
rigidly attached, NF(8) = 0 must be supplied.
Even with the anchor point rigidly attached,
it can still move along the normal to the
ellipsoid (K ¢ 0) or Lo the unit sphere (K =
0) because of penetration. If the anchor
point is not to move at all, NF(1l) = 0 should
aleo be supplied.

The x, y and z coordinates (in) of reference
point (K) of belt (J). If a contact ellipsoid
is specified (K ¢ 0 ), the vector is assumed
to be orientated with respect to the local
coordinate system K8, but translated such that
its linear dimensions are with respect to the
center of the contact ellipsoid KE. The
supplied values will be adjusted by the
program to lie on the ellipsoid surface. If
no contact ellipsoid is specified (K = 0), a
nonzero vector, specified in the local
coordinate system of KS, must be supplied.
This vector specifies the direction of the
normal in the perturbation coordinate system
used to resolve the belt segment forces. The
program will assume that belt (J) will run
through the points in the specified order.
However, if the forces are such as to pull the
belt away from the surface, this point will be
ignored if it is not a tie or anchor point.
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Card F.8.42

BAR(L ,X),
L=7,9

BAR(L,K),
L=10,12

FORMAT (6F12.0)

If XE = 0, i.e. no contact ellipsoid, the x, y
and z coordinates (in) of the offset in the
local coordinate system of segment KS. This
vector is added to the reference vector
defined above (L=1,3) to determine the
location of the reference point (K) relative
to the center-of-mass of segment KS. If KE ¢
0, i.e. there iz a contact ellipsoid, any
supplied value is ignored and the ellipsoid
offset value P2(I) specified on Card D.5 is
used instead.

The x, y ard £z coordinates of a vector in the
local coordinate system of segment XS. This
vector is used for the preferred direction
(see NPD above). This vector must not be
parallel to the normal computed from BAR(L,K),
for L=1,3 above.
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3. Subroutine INITAL

Card G.1.a

ZPLT(I) ,1=1,3

I1

Jl

12,02

I3

FORMAT (3F10.0, S5I4)

The x, y, and z printer plot coordinates
(for Subroutine PRIPLT) of the origin of
the primary vehicle reference system.

0 ¢(X (Bl
0 CY (61
0 ¢C2Z2 < 121

A value of 15 is required to call
Subroutine EQUILB and process Cards 4.4,
3.5 and G.6.

If non-zero, Card @.1.b is required to
define scaling information for the
printer plots.

Currently not used by the progranm.

If zero, segment linear and angular
velocities are not supplied on the
following cards but are set equal to the
initial primary vehicle velocity. If

13 ¢ 0, SEGLV and WMGDEG must be supplied
on cards 3.2 and G.3.
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If J1 is zero or blank on Card G.1.a, the following Card G.1.b
should not be supplied and default values of 10.0, 6.0 and 1.0
will be used for the SPLT array.

Card G.1.b

SPLT(1)

SPLT(2)

SPLT(3)

FORMAT (3F10.0)

The number of horizontal print positions
per unit length for the output unit that
will print the printer plots produced by
Subroutine PRIPLT (normal value is 10.0
for 10 spaces or columng per inch).

The number of vertical print lines per
unit length (normal values are 6.0 or 8.0
for 6 or 8 lines per inch). The progranm
uses only the ratio of SPLT(1) to SPLT(2).

Scale factor that represents the distance
(inches or length unit on Card A.3)
between vertical print lines for the
printer plots. MNote: The printer plot
was originally designed for 120X60 units
(inches) along the £ and x or y
directions which may not be satisfactory
for certain situations (e.g., metric
units).
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Jne G.2 card must be supplied for each reference segment (i e.,
degment No. 1 and for each segment J where JNT(J-1) = 0 on
Cards B.3) in ascending segment number sequence.

Cards G.2

SEGLP(1,J),I=1,3

SEGLV(I,J),I=1,3

FORMAT (6F10.0)

The initial x, y, and z coordinates of
reference segment J in the inertial
reference (in).

The initial x, y, and z components of
velocity of reference segment J in the
inertial reference (in/sec). These
fields may be left blank if I3 = 0 on
Card G.1 in which cage the initial
velocity of the primary vehicle will be
used.

NSEG sets of cards G.3.a-G.3.b are required.

Cards 3.3.a

YPR{I ,J},I=1,3

WMGDEG(I,J) ,I=1,3

D¢t J),1=1,3

FORMAT (6F10.0, 4I3)

The initial rotation angles (degrees) of
the Jth segment about the local z, y and
x axes of the segment given by ID(4,J) in
the order specified by ID(I,J) I=1,3
below.

The initial components of angular
velocity about the local x, y and z axes
of the Jth body segment (deg/sec). If I3
= 0 on Card G.1, the initial angular
velocity of the primary vehicle will be
converted to the gsegment reference and
uged.

Indicators ugsed to specify the order of
the axes of the rotations given in YFR
above. (See complete definition under
Cardg B.3.a2.) Zeros or blanks will
default to 1, 2 and 3 to indicate that
the standard sequence of yaw. pitch and
roll is reversed (as required by versgions
previous to 18A of the program).

Values of 3, 2, 1 indicate that the
gtandard yaw, pitch and roll gequence
will be used.
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Cards G.3.a (continued)

Values of 3, 1, -3 indicate that
precession, nutation and spin for Euler
joints will be used.

A negative value for ID(1,J) indicates
that projections or projection angles of
the local axesz of segment J will be used
instead of the initial rotation angles
and that a Card G.3.j2 will follow this
card.

iD(4,J? The segment number to which the rotations
given by YPR or by the angles on Card
G3.3.§2 are with respect to. A value of
zero or blank will default to the ground
(MSEG+NBAG+2) or inertial reference. The
primary vehicle may be apecified by
supplying MSEG+]l, where MSEG is either
NSEG or the largest MSEG from Cards C.2a.
Otherwige, the number of the segment
must be less than J. A negative number
(-1JNT(J-1)!, as specified on Card
B.3.al) may be used to define the
rotation angles with respect to the joint
axes ag gspecified on Card B.3.a2.

Note: The values of YPR and 1D are used to compute a direction
cosine matrix R. The direction cosine matrix D(J) of segment J
is determined by the value of K = ID(4,J) as follows:

K =0: DWJ) = R(J) ( K=0 or equal to NGRND )
K > 0: D(J) = R(J)D(K) ( K¢J or equal to NVEH )
K ¢ 0: D(J) = H' (JIR(JYH(K)D(K) ( K= -1JNT(J-1)} )

There are no restrictions on a ball or Euler joint. An Euler
joint can be set to an initial precession(P), nutation(N) and
gpin(S) by specifying YPR = P, N, S and ID = 3, 1,- 3, -1JNT(J-
1)!. To preserve the axes of a pin joint, the relative
orientation of segments J and JNT(J-1) must represent a
rotation about the pin axis only. (The pin axis iz always the
y axis of the joint axes as specified on Card B.3.a2.) This
can be assured by supplying YPR = 0, P, O and ID = 0, 0, O, -
{JNT(J-1)!, where P is the pitch of segment J with respect to
the center of symmetry (Card B.3.a2) of joint J-1. For the
cagse where the y axes of segments J and JNT(J-1) are parallel
to the pin axis, the pin axis can be preserved by supplying
valueg of YPR = 0, P, 0 and ID = 0, O, O, !JNT(J-1)! where P
ig the pitch of segment J with respect ot segment JNT(J-1).
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A Card G.3.b must follow every Card G3.3.a on which ID(1,J) is

negative.
Cards G.3.b

Al.A2,A3

B1,B2,B3

II

FORMAT (6F10.0, 4I3)

Specifies the projection of the primary
axis given by IK below. 1If II is
negative, values will be the x, y and =
components (in) in the projection
reference system of a vector along the
positive IK axis of segment No. J. If 11
is positive, Al, A2 (A3 not used) are the
projection angles (deg) of the positive
IK axiz of segment number J in two of the
projection reference planes specified by
the value of II.

Specifies the projection of a secondary
axis given by JK below. The definition
is identical to Al, A2, A3 above but uses
JJ and JK instead of II and IK.

If 11 is negative, the components of a
vector along the positive IK axis will be
given by Al, A2, A3. If II is positive,
a value of 1, 2 or 3 is used to indicate
that the x, y or z axis is the common
axis of the two projection reference
planesg used to specify the two projection
angles as follows:

If II=]1, Al in z-x plane, A2 in x-y plane.
It 1I=2, Al in x-y plane, A2 in y-z plane.
I1f II1=3, Al in y-2 plane, Al in Z-X plane.

In the x-y plane, the angle is measured
from the x axis, positive toward the y
axis.

In the y-z plane, the angle iz measured
from the y axis, positive toward the :z
axis.

In the z-x plane, the angle is measured
from the z axis, positive toward the x
axis.

Restriction: SIN(Al)#CCS(A2) cannot be
Zero.

G-5 Rev IV.0




Cards G.3.b (continued)

IK

JJ,JK

A value of i, 2 or 3 to specify that the
X, y or z axis of gsegment number J is the
primary axis to be projected.

Same definition as for II, IK above but
for & secondary axis of segment number J.
The value of JK must be different than
that of IX.
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Subroutine EQUILB

Cards G.4, G.5 and G.6 are required if Il = 15 on Card G.1.

Card G.4

NVAR

NCON

Cards G.5
(NVAR cards)

NTV(J)

NI1(J)

NSG(J)

GX(J)

FORMAT (2I4)

No. of independent variables supplied on
Cards G.2 and G.3 that are to be adjusted
such that contact normal forces are equal
to either Gx gupplied on Cards G.5 or
constraint normal forces controlled by
Cards G.6 (max = 10).

No. of conatraints to be imposed to
compute those constraint forces which
will be satisfied by initial contact
forces. If zero, the supplied values of
Gx will be uged, (max = 5).

FORMAT (314, 2F8.0, 814}

Indicates type of Jth independent variable
1 - SEGLP from Cards G.2
2 - YPR from Cards G.3

A value of )}, 2 or 3 to indicate the x, ¥
or z coordinate of SEGLP if WTV(J)=l, or
yaw, pitch or roll of YPR if NIV(J)=2,

The segment number (ag specified by index
I of Cards B.2) for the Jth independent
variable.

The magnitude of the contact normal force
for the Jth independent variable (lbs.).
If this contact is to be controlled by a
congtraint on Cards G.8 (i.e.,
J=INDGX(I)), the supplied value of Gx
will be the initial value for the
iteration of the contact normal force to
equal the constraint normal force;
otherwise, the Jth independent variable
will be adjusted such that the contact
normal force will be equal to Gx.
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Cards 3.5 (continued)

XDEV (J)

JPL(J)

Jsa(J)

NAV(J)

KSa(I1,J),I=1,NAV

The maximum allowable deviation from the
initial positions specified on Cards G.2
and G.3 during the iteration of the Jth
independent variable for the contact
normal force to equal Gx. If exceeded,
the program will terminate with an error
message. If XDEV = O, the tests will not
be performed.

The plane number corresponding to NJ on
Cards F.1.b - F.1l.n for the contact whose
normal force is to be controlled by the
Jth variable.

The segment identification number (asg
specified by index I of Cards B.2)
involved in the contact with plane No.
JPL(J). MNote: A contact between this
plane and zegment must have been set up
on Cards F.1.b - F.l.n.

No. of variables asszociated with the Jth
independent variable. (Maxs 5, may be
zero.)

The segmant numbers (definition same as
for BSG(J)) for the NAV(J) variables
associated with the Jth independent
variable. Any change made to the Jth
independent variable to achieve initial
equilibrium will also be made to the
corresponding variables for these
segments such that the initial relative
orientation will be maintained as
specified on Cards G.2 and G.3.

a-8 Rev IV.0
108




Cards Q.0 FORMAT (414)
(NCON cards)

IPL(I),I8G(I) The plane and segment numbers (definition
same as for JPL(J) and JSG(J) above) for
the Ith constraint to be imposed for
initial equilibrium during the contact
normal force to constraint normal force
iteration.

LTYPE(1) Indicates the type of the Ith constraint:
3 - Roll constraint,
4 - Slide constraint.

INDGX (1) The index J (from 1 to NVAR) from Card
3.3 for which the contact normal force
will be iterated to be equal to the Ith
constraint normal force. May be zaro,
but if INDGX(I) = J, then IPL(I) and
1SG(I) must be equal to JPL(J) and
JSa(J).

Note: Subroutine EQUILB will adjust the initial position
parameters supplied on Cards G.2 and G.3. If the constraints
temporarily imposed by Cards G.6 properly constrain all of the
segments, zero accelerations will be obtained while the
constraints are on. The iteration will produce normal and
tangential contact forces that will result in small (< 0.02 @)
initial linear accelerations for all of the body segments. For
the seated “standard” fifteen segment occupant, this can be
achieved as follows:

A. Lock joint P, W, NP, HP, RA and LA by setting IPIN = -2 on
Cards B.3. If the maximum torque for a locked joint (T1 for
VISC(4,3#J-2) on Cards B.8) is zero, then Subroutine EQUILB
will set T1 for these locked joints to 1.5 times the magnitude
of the joint torque finally produced at time zero.

B. Constrain the arms by either setting up fixed point
constraints (type = 1) for the RLA and LLA with the vehicle on
Cards D.6, or lock the joints RS, RE, LS and LE as in step A
above. If the constraints are imposed on Cards D.6, Subroutine
EQUILBE will adjust the point on the vehicle (RK2 on Cards D.6)
for any type 1 constraint involving the vehicle so that it will
coincide with the specified point on the body segment (RKl on
Cards D.6) as adjustments are made to the initial position
parameters.
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C. Set up allowed contacts and associated force deflection
functiong on Cards F.1 for the seat cushion plane with the LT,
RUL and LUL segments, the szeat back plane with the LT, CT and
UT segments, and the floordboard plane with the RF and LF
segments.

D. Set up initial position parameters on Cards G.2 and G.3
that are just "short of" or close to the final penetration
distances for the segments with the contact planes.

E. Set NVAR = 5 and NCON = 4 on Card G.4.

F. Supply the following input parameters on Cards G.5:

J NTY NIl JNSsa ax XDEV JPL JSG NAV KsG

1 1 3 um 90.0 1.0 (seat cughion) (LT) O

2 1 1 (LT 5.0 1.0 (seat back) (LT) ©

3 2 2 (UT) 10.0 5.0 (seat back) (o) 4 (L7,
cn,
n,
(H)

4 2 2 (RUL) 25.0 10.0 (seat cushion) (RUL) 1 (LUL)

5 2 2 (RLL) 10.0 10.0 (floorboard) (RF) 1 (LLL)

G. Supply the following input parameters on Cards G.6:

1 1PL 1SG LTYPE INDGX
1 (seat cushion) (LT) 3 |
2 (seat back) (o™ 4 3
3 (floorboard) (RF) 3 5
4 (floorboard) (LF) 3 0

Using the above input parameters, Subroutine EQUILB will adjust
the x and t coordinates of the LT, the pitch angles
(maintaining the initial relative orientation) of the UT, LT,
CT, N and H segments, the RUL and LUL segments, and the RLL and
LLL segments, and the initial normal contact forces (Gx) of the
seat cushion with the LT, the sgeat back with the UT and the
floorboard with the RF. It is believed that the resulting
initial positions are unique and are functions of the values of
the contact normal forces (Gx) supplied for the seat back with
the LT and the seat cushion with the RUL contacts.
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H. Subroutine OUTPUT

This subroutine provides input to control the desired time
history output of selected total and angular accelerations,
velocities, displacements, joint parameters, joint forces
and torques, wind force data and total body properties.

H.1 (K=1) Linear acceleration time history output.

Card H.1.a

NSG(K)

KREF(1,K)

MSG(1,K)

FORMAT (IS, 213, 3F12.6)

The number of selected points on the
various body segments for which time
histories are desired. The maximum value
for NSG(K) is 20. 1If NSG(K) is O, insert
2 blank cards. If NSG(K) is ), a single
blank card should follow card H.1.K.

The reference segment number the first
point total accelerations are to be given
in. 1If zero or blank, the default will
be the MSG segment number the point is
attached to, i.e. the local reference
system, Note that all previous input
decks can be used without modification
and will default to the local reference
system of segment MBG. If MSG is
negative, KREF (s the initial
sccelerometer getting. In this case KBEF
mugt be 0 or 1. If KREF=0, there iz no
gravity vector offset; if KREF=1, the
initial accelerometer value = 1G along
the gravity vector specified by Card A.3.
However this offset remains in the local
MSG coordinate system. The accelerations
will be in the local coordinate system
when MBG is negative.

The segment number of the first point as
determined by the index I on Cards B.2.
A vehicle or airbag may be specified by
their segment number. 1If MSG is
negative, the accelerations will
correspond to the output of an
accelerometer attached to MSG at the XSG
point.
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Card H.1l.a (continued)

Xsa(1,1,x),1=1,3 The x, y, and z coordinates in the
segment reference of the first point
(inches) .

Followed by NSG(K)-1 Cards H.1.b (For J=2,NS8G(K)). One H.1.b
card is always required.

CARDS H.1.b FORMAT (I9, 13, 3F12.6)
KREF (J ,K) Same as above but for the Jth point.
MS@(J,X) Same as above but for the Jth point.

X8a(1,J,X),1=1,3 Same as above but for the Jth point.
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H.2 (K=2) Relative velocity time history output. [
Cards H.2.a FORMAT (I6, 213, 3Fl2.6) 0
NSG(X) Same description as for H.1. !

KREF(1,K) The reference segment number the point
relative velocity is to be given in. It
zero or blank, the default will be the
vehicle. Note that all previous input
decks can be used without modification
and will default to the primary vehicle
reference systenm.

MSG(1,X) The segment number of the first point as
determined by the index I on Cards B.2.
A vehicle or airbag may be specified by
their segment number.

-t cmm

xsa(1,J,X) ,1=1,3 Same description as for H.l.a

Followed by NSG(X)-1 Cards H.2.b (For J=2,NSG(K)). One H.2.Db {
card iz always required. {

CARDS H.2.b FORMAT (19, 13, 3Fi2.6) [
KREF (J ,K) Same as above but for the Jth point. [
M3SG(J ,K) Sawme ag above but for the Jth point. |

Xsa(I1,J,K),I=1,3 Same as above but for the Jth point. |

H.3 (K=3) Relative displacement time history output ¢

Cards H.3.a - H.3.b FORMAT (16, 2I3, 3Fl12.6/ (19, I3, 3Fl12.6)) @

-

Same description as for Cards H.2.a - H.2.b except for relative
displacements. {
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H.4 (K=4) Segment angular acceleration time history output

CARD H.4

NSA(K)

(XREF (J ,X) ,
MSG(J,X)) ,J=1,KXSG
where KSG=NSG(K)

FORMAT (16, 2213/ (I9, 2113) )

The number of selected segments for which
time histories are desired (maximum =
20). Supply blank card if none are
desired.

KSG pairs of numbers. The first number
of a pair (XKREF) is the number of the
reference sefment the segment angular
accelerations are to be given in. The
second number of a pair (MSG) is the
segment number whose angular acceleration
is to be given. 1If KRRF is zero or
blank, the default will be the segment
number, i.e. the local reference system.
Note that all previous decks can be used
without modification and will default to
the local reference system. MSG ig the
segment number as determined by index I
on Cards B.2. A vebicle or airbag may

be specified by their segment number. If
NSG(K) > 11, use the second card, leaving
the first field of 6 columns blank. If
#8G(K) = )1, a second card, completely
blank should follow this card.

H.5 (K=5) Segment relative angular velocity time history output

Card H.5
NSG(X)
(KREF (J ,K),

MSa(J,K)) ,J=1,KSG
where XSG:=NSG(X)

FORMAT (I8, 2213/ (19, 2113) )
Same description as for H.4

KS@ pairs of numbers. The first number
of a pair (KBREF) is the reference segment
number the segment relative angular
velocities are to be given in. The
second number of a pair (MSG) is the
number of the segment whose angular
velocities are to be given. If KREF is
zero or blank, the default will be the
vehicle. Note that all previous input
decks can used without modification and
will default to the primary vehicle
reference gystem. MSG is same as for
Card H.4.
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H.6 (K=6) Segment relative angular displacement time history o
output o
Card H.6 FORMAT (I6, 2213/ (I9, 2113) ) 0

Same description as for Card H.5 except for relative angular |
displacements. !

H.7 (K=7) Joint parameter time history output

Card H.7 FORMAT (12167 (I12, 1016) )

NSG(X) The number of selected joints for which
time histories are desired. Insert a

blank card if none are desired (maximum |
20). {

MSG(J,K) ,J=1,KSa The joint numbers as determined by index

where KS@=NSG(K) J on Cards B.3. If NSG(K) > 11, use a
second card leaving the first field of 6
columns blank. If N8G(X) = 1], a second
card, completely blank, should follow
this card.
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H.8 (K=8) Wind force time history output
(Note: These H.8 Cards are new ag of Version II1.2. What
was previously the H.8 Card (the card for the HIC, HSI and
CSI calculations is now Card H.11). Previous input decks
will require a blank card at this point in the input deck
to be compatible with ATB Version I11.2 input requirements.

Card R.8

N8G(K)

(KREF (J,K) ,
MSG(J,K) ,J=1,KSG
where KSG=NSG(K)

FORMAT (16, 2213/ (I9, 2113))

The number of selected segments for which
the wind force tabular time histories are
desired. Insert a blank card if none are
desired (maximum = 20).

KSG pairs of numbers. The first number
of a pair (KREF) is the reference segment
number of the coordinate system the wind
forces are to be given in. The second
number of a pair (MSG) is the segment
whose wind forces are to be given. If
KREF is zero or blank, the default will
be ground. MSG is the segment number as
determined by index I on Cards B.2. If
NSG(X) > 11, use a second card leaving
the first field of 6 columns blank. If
NSG(X) = 11, a second card, completely
blank, should follow this card.
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H.O

(K=9) Joint forces and torquesz time history output

(Note: These H.O Cards are new as of Version III.2. Any
previous input decks will require a blank card at this
point in the input deck to be compatible with ATB 1I1I1.2
input requirements.) The joint forces are the forces
required (at the joint location) to keep the joined
segmentg from separating. The joint torques are the
torques required to meet any angular constraint of the
joint (e.g. for a pin joint only one axis of rotation is
permitted) plus any torques transferred acrosgs the joint.
The joint torques applied by the joint functions are a
function of the relative position and relative velocity of
the two joint coordinate systems. A detailed break out of
the joint function torques is provided by the Cards H.7.
Note: As of ATB 1II.4 the sign on the torques i# reversded
to be of the same sense as the forces.

Card H.9 FORMAT (16, 2213/ (I9, 2113))

NS3(K) The number of selected joints for which

time histories are desired. Insert a
blank card if none are desired (maximum =
20).

(KREF (J ,X) , KSG paireg of numbers. The first number
Msa@(J,K) ,J=1,KSa of a pair (KREF) is the reference segment
where KSG=NSG(K) number the joint forces and torques are

to be given in. The second number of a
pair (MS@) is the joint whose forces and
torques are to be given. If KREF is zero
or blank the default will be the vehicle.
MSG iz the joint number as determined by
index J on Cards B.3. If NSG(X) > 11,
use & #second card leaving the first field
of 6 columng blank. If NS8G(K) = 11, a
gecond card, completely blank, should
follow this card.
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H.10 Total body property time history output
(Note: These H.10 Cards are new as of Version III.2. Any
previous input decks will require a blank card at this
point in the input deck to be compatible with ATB II1I.2
input requirements.)

Card H.10.a

MCG

Cards H.10.b
(MCG cards)
MCGR(J)

MCGN (J)

MCGS(I,J),I=1,MCGN

FORMAT (I6)

The number of bodies (collection of
segments) for which time histories are
desired (max = 5). Each time history
will contain the center of masgs, the
total linear and angular momentum, and
kinetic energy of the set of specified
segments. If zero or blank, no Cards
H.10.b are required.

FORMAT (2413)
The segment number of the segment to
which the center-of-mass is referenced.

The number of segments in the Jth set of

segfments (body) for whicrh a tabular time

history of body properties (maximum =
22) is specified.

The segment numbers of the MCGN segments
that are to be included in the Jth set of
segments (body).
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H.11 (Subroutine POSTPR) - HIC, HSI and CSI calculations.

This card is required whenever Subroutine POSTPR is called
as determined by the value of NPRT(4) on Card A.5 (all
values except 0 and 4). This H.1l card was previously
called the H.8 card. The number of time points that can be
processed to compute the HIC, HSI and CSI values must be
greater than or equal to 25 and less than or equal to 1000.
If the number of time points is less than 25, the
calculation(s) will be skipped and & warning message
printed. These calculations can be performed only if
NPRT(30) > O and (1/NPRT(30))=DT«NSTEPS < 1000 (it can not
be = 1000 because of time step 0), or WNPRT(30) = 0 and the
the number of successful integration steps is ¢ 1000. 1If
NPRT(30) = 0, the data is written every successful
integration step and the total number of points can not be
determined beforehand. A quick way to determine the number
of successful integration steps for a run is to look at the
table produced by Subroutine ELTIME at the end of each run.
The number of times Subroutine OUTPUT is called is equal to
the the number of successful integration steps when
NPRT(26) = 0, 1 or 4 and WNPRT(4) > O, i.e. output unit No.
8 (Subroutine POSTPR) is used. Recall that NPRT(30) is the
frequency the injury data is to be written to the injury
data array (a multiple of DT). DT is the time step for
which data can be printed out and NSTEPS is the total
number of integration steps the program is to make for a
specific run.

If the injury functions are to be computed during a
postprocessing run (NPRT(4) = -1 or -3), these calculations
can only be made for data for specific time points that are
on the TAPE 8 file saved from a previous integration run.
This means that there is no capability to use data at time
points requested by the logic of NSTEPS, NPBRT(30) and DT of
a postprocessing run when data were not written at these
specific time points by the previous integration run, i.e.
there is no capability to interpolate between data points
from the integration run. Therefore, care must be taken to
select DT, NSTEPS and NPRT(30) such that only data that are
at the time points that were written on TAPE 8 or some
integer multiple of these time points are used in the
computation of the injury functions.
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Card H.11

JDTPTS(1)

JDTPTS(2)

FORMAT (1814)

The index J on Cards H.l corresponding to
the head center-of-mass whose resultant
acceleration time history will be used to
compute the head injury criteria (HIC)
and head severity index (HSI). The
computations will not be done if
JDTPTS(1) = 0 or blank.

The index J on cards H.l corresponding to
the point whose resultant acceleration
time history will be used to compute the
chest severity index (CSI). The
computations will not be done if
JDTPTS(2) = 0 or blank.
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I.

Subroutine POSTPR

If NPRT(4) on Card A.5 is an even integer, Cards I are not
required. (See note in Subroutine SLPLOT regarding program
changes that may be necessary on plotting facilities that do
not use a Calcomp graphice library.)

These cards essentially specify all of the arguments to
Subroutine SLPLOT and the indices of the data in the tabular
time histories to be plotted. The ability exists to plot any
set of variables in the time histories as a function of any
other variable on a fixed (specified by the user input) x-y
axig. Both axez may be either linear or logarithmic. Any
data falling outside of the specified range of each axis will
be ignored. The input also specifies the x and y axis labels
and two lines of plot identification that lies below the x
axis label.

The number of time points for any variable that can be
written to the data array for plotting is limited to 1000.
Therefore, the plotting option can be used only if NPRT(30) >
0 and (1/NPRT(30))«DTsNSTEPS, ¢( 1000 (it can not be = 1000
because of time step 0 ) or NPRT(30) = 0 and the the number
of successful integration steps is ¢ 1000. 1If NPRT(30) = O,
the data is written every successful integration step and the
total number of points can not be determined beforehand. A
quick way to determine the number of successful integration
steps for a run is to look at the table produced by
Subroutine ELTIME at the end of each run. The number of
times Subroutine OUTPUT is called is equal to the the number
of successful integration steps when NPRT(268) = 0, 1 or 4 and
NPRT(4) > 0, i.e. output unit No. 8 (Subroutine POSTPR) is
used. Recall that NPRT(30) is the frequency the plotting
data are to be written to the plot data arrays (a multiple of
DT). DT is the time step for which data are to be printed
out and NSTEPS is the total number of integration steps the
program is to make for a specific run.

If the plots are to be made during a postprocessing run
(NPRT(4) = -1 or -3), plots can only be made from data for
gpecific time points that are on the TAPE 8 file maved from a
previous integration run. This means that there is no
capability to plot data at time points requested by the logic
of NSTEPS, NPRT(30) and DT of a postprocessing run when data
were not written at these specific time points by the
previous integration run, i.e. there isg no capability to
interpolate between data points from the integration run.
Therefore, care must be taken to select DT, NSTEPS and
NPRT(30) such that data are plotted at the time points that
were written on TAPE 8 or some integer multiple of these

time points.
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Card 1.1

NPLT

NYP(K) ,K=1 ,NPLT

FORMAT (1814)

The number of plots to be generated
(max=20). (IF NPLT ) 17, use two cards.)

The number of y variables to be plotted
vs. the same x variable for each of the
NPLT plots. WNPLT + sum of NYP is limited
to 25. HNote: The plotting algorithm
assumes each of the NVP(K) y variables
has the same x value. Therefore, unless
the x axis is the time axis, where each y
value does have the same x value for each
plotting point, the plots will most
likely be incorrect.

A set of Cards 1.2-1.8 is required for sach of the NPLT plots.

Card 1.2

MX1 (K) , MX2 (K)

MY1(J, K) ,MY2(J X)
for J=1,NYP(X)

FORMAT (1814)

The page No. (MX]1) and column No. (MX2)
from the tabulated time histories of the
x (horizontal) variable for the Kth plot.
These page Nos. start with 21 so MX] >
20. MX2 = 0 refers to time (msec), the
leftmost column. MX2 can be supplied as
a negative integer to indicate that the y
value for time zero will be subtracted
from all y values for plotting purposes.

The page No. (MY1) and column No. (MY2)
for the NYP(K) y (vertical) variables to
be plotted va. the x variable specified
by MX1 and MX2 for the Kth plot.
Definition of each MYl, MYZ same as for
MX1, MX2 above.
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Card 1.3

WX (X)

X0(X)

XN (K)

XL (K)

X8 (K)

Card 1.4

NY(X) ,Y0(K) , YN(K),
YL(K) and YS(K)

FORMAT (I4, 4X, 4F8.0)

The number of intervals or plotting
decremants along the x (horizontal) axis
for the Kth plot. There will be NX(K)+]
tic marks and numeric annotations, the
first will be for X0(K) and the last for
XN(K). If NX(X) is positive, the scale
will be linear, and if negative, the
scale will be logarithaic.

The value of the origin of the x axis for
the Kth plot.

The value of the end of the x axis for
the Kth plot. PFor NX(K) positive, XN(K)
should equal XO0(X) ¢+ NX(K)#*DX, where DX
is a reasonable plot decrement. If NX(K)
is negative, both X0(K) and XN(X) should
be powers of ten, where:

IN(K) = XO(K)#10#%{NK(K):.

The length (plotting inches) of the x
axis for the Kth plot. IXL(K) should be
at least one inch less than X8(K).

The paper size (plotting inches) in the x
dirvection for the Kth plot. The plot
will be centered within this diwension.

FOBMAT (I4, 4X, 4F8.0)

Same definitions as for the corresponding
items on Card I[.3.K but for the y
(vertical) axis for the Kth plot. DNote
that each of the NYP(K) variables will be
plotted on the same scale.
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Card 1.5

NXLAB(K)

XLAB (K)

Card 1.6

NYLAB(X),
YLAB((K)

Card 1.7

NPLB] (K)

PLB1 (K)

Card 1.8

NPLB2 (K) ,
PLB2(K)

FORMAT (I4, 4X, 15A4)

The number of characters in the label of
the x axis for the Kth plot (max=00, may
be zero).

The alphanumeric information to be used
as the label of the x axis for the Kth
plot. Datas should be left adjusted as
input since program will center the
NXLAB(K) characters beneath the x axis.

FORMAT (I4, 4X, 15A4)

Same definition as for Card I.5.X but for
the label of the y axis for the Kth plot.

FORMAT (I4, 4X, 15A4)

The number of characters in the upper of
two lines of plot identification for the
Kth plot (max = 60, may be zero).

The alphanumeric information to be used
in the upper line of the plot
identification for the Kth plot. Data
should be left adjusted a# input since
the program will center the NPLBI (X)
characters beneath the x axis label.

FORMAT (14, 4X, 15A4)

Same definition ags for Card I.7.K but for
the lower line of the plot
identification.

Hote: The 1544 term in the format for Cards [.5-1.8 is to be
used on computers where a single precision word is equivalent
to four alphanumeric characters. This term is the format for
Subroutine POSTPR and should be set to 10A6 or 6Al10 for those
computers whose gingle precision word size is equivalent to 6
or 10 characters. This is necessary to insure that a contiguous
string of characters is stored in the computer memory, as
required by Subroutine SYMBOL.
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5.0 NUMBERED STOPS WITHIN THE ATB COMFUTER PROGRAM

There are many program stops within the ATB program to signal both input
and run-time errors, Some of the stops have an accompanying message
printed in the main output file, others do not. All are numbered and
described below to help the user determine the cause of the program
termination. For stops associated with the input routines, the actual
input error is probably caused by miseing or erroneous data of previous
input records. The user is advised to check the output produced by the
input routines (on logical unit 6) to determine at what point within the

input file the error may have occurred.

The following is a list of all stops within the ATB-IV Model program,
the subroutine involved, the input card number (where applicable), the

reason for the stop and possible corrective action.

1. Main Program: Indicates the normal program stop. All activity

requested by the user has been completed.

2, Subroutine RSTART: Indicates an improper variable name, index
or type was supplied when the restart option was selected (IRSIN #0) on
Card A.2., Refer to the message written to output unit 6 that indicates

which A.2 input variable was at fault.

3. Subroutine BINPUT: Indicates an error in defining a flexible
element on cards B.3. There must be at least two joints with a negative
JNT per flexible element, one connecting the interior segment to the
reference segment and the second connmecting the interior segment to the

terminal segment.

4, Subroutine BINPUT: Indicates that the value of NFX, the total
number of flexible element interior segments specified on card B.7, dces
not agree with the value of NFLX, the totel number of interior segments
computed from the number of joints with a negative NJT and connectivity
of the segments, JNT(J), supplied on input carde B.3. Refer to output
unit 6 for the values of NFX and NFLX.
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5. Subroutine BINPUT: Indicates that the segment number defined by
KNT(J) on card B.7 to be an interior segment of a flexible element was
not flagged as an interior segment based on the data supplied by JNT(J)
on input cards B.3. Check the configuration of the body as specified by
the value of JNT(J) and its sign to ensure that segments are to be
connected in the desired manner and the flexible element(s) are properly
defined. Refer to the message written to output unit 6 for segment at

fault.

6. Subroutine VINPUT: Indicates that en improper value has been
supplied for MSEG on card C.2. Allowable values are: zero or blank (to
represent the primary vehicle); less than or equal to NSEG (to indicate
prescribed motion for one of the specified segments); or a value one
greater than the value of MSEG supplied on a previous C.2 card (to

indicate a new vehicle).

7. Subroutine VINPUT: Indicates that the number of sets of C cards
is greater than the meximum allowed (currently 6) or that the total
number of segments defined by the program (including the airbags, if

any, and the ground) is greater than the maximum allowed (currently 30).

8. Not used.

9. Not used.

10. Subroutine SINPUT: Indicates that the plane identification
index (j) is in error on card D.2. They must be supplied as consecutive
integers. Refer to the message written to output unit 6 for the plane
at fault.

11. Subroutine KINPUT: Indicates that the function number on card

E.6 is less than 1 or greater than the maximum allowed (currently 50).

12, Subroutine KINPUT: Indicates that the function number on card
E.7 is less than 1 or greater than the maximum allowed (currently 50).
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13. Subroutine KINPUT: Indicates that an inconsistent value was

supplied for THETAO, on card E.7.

14, Subroutine FINPUT: Indicates that the supplied value for NJ
(the first number on the line printed on unit 6) does not correspond to

the index j supplied on input cards F.1l, F.2, F.3 or F.4.

15. Subroutine FDINIT: Indicates that & function number used on

cards F.1, F.2, F.3, F.4 or F.8 has not been defined on input cards E.

16. Subroutine FDINIT: Indicates that the size of the generated TAB
array exceeds 4500 or the size of the NTAB array exceeds 1250. These
arrays are generated by the functions defined on input cards E and the

functions applied on input cards F.

17. Subroutine FINPUT: 1Indicates that a function number on cards

F.5 has not been defined on input cards E.7.

18. Not used.

19. Not used.

20. Subroutine FINPUT: Indicates that the air bag numbers k on

cards F.6 have not been supplied in numeric order.

21. Subroutine FINPUT: Indicates that the value of JJ on card F.7.b
does not correspond to the index J of the nonzero elements read in on

input card F.7.a.

22. Subroutine PLELP: Indicates that the edge-effect option is

being used with a hyperellipsoid with unequal powers, on cards F.l.

23. Subroutine SEGSEG: The segment-segment contact is being used

with a hyperellipsoid with unequal powers, on cards F.3.
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24. Subroutine INITAL: Indicates an input error for IYPR(4,J) on
cerds G.3. The supplied value is greater than J and less than or equal
to NSEG.

25. Subroutine INITAL: Indicates an input error for IYPR(4,J) on
cards G.3. The supplied value is negative and does not correspond to
NJT(J-1).

26. Subroutine EQUILB: Indicates a problem with input card G.4, G.5
or G.6. The card number and contents in question are printed on logical

unit 6.

27. Subroutine EQUILB: Indicates that the iteration for the listed
variable did not converge within the specified range, on input cards

G.S.

28. Subroutine PLELP: Indicates that the roll-slide constraint is

being used with a hyperellipsoid on cards F.l.

29. Subroutine SBGSEG: Indicates that the roll-slide constraint is

being used with a hyperellipsoid, on cards F.3.

30. Not used.

31, Subroutine DINT: 1Indicates that a negative square root has been
detected in Subroutine PDAUX with the time step size of H-HMIN. This is
usually an indication that extreme angular motion occurred. Unless
there are other obvious errors, causing the extreme angular motion, it
might be remedied by tightening the angular convergance tests specified
by input cards B.6 or by decreasing the value for HMIN on input card
A.3.

32. Subroutine AIRBG3: Indicates a8 logical error in the progrem.

33. Subroutine IMPULS: Indicates that there were improper arguments

to Subroutine IMPULS indicating a progrem logic error.
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34. Subroutine DAUX: Indicates that the value for NJ2 exceeded the
array size for RHS and LIK, meaning the size of the system to be sclved

is too big for the current array dimensions.

35. Subroutine FSMSOL: Indicates that the maximum dimension of 600
for the C array has been exceeded, meaning the size of the system to be

solved is too big for the current array dimensionms.

36. Function FNTERP: Indicates that improper arguments were passed
to the FNTERP function as indicated by the error code as follows:
1 - PHI less than - 180 deg
- PHI greater than 180 deg

THETA less than zero deg

2
3
4 - THETA greater than 180 deg

37. Subroutine OUTPUT: Indicates that NPRT(4) on input card A.5 was

less than or equal to -4 or greater than +4.

38. Subroutine SEGSEG: Indicates that an interior contact is being

attempted with a hyperellipsoid, on cards F.3.

39. Subroutine HYLIM: Indicates & computational error in the

hyperellipsoid routines.

40. Subroutine HEDING: Indicates that NPRT(4) on input card A.5 was
less than or equal to -4 or greater than +4.

41. Subroutine DSMSOL: Indicates that the matrix supplied to
Subroutine DSMSOL (by Subroutine IMPLS2, SEGSEG. EDEPTH or INTERS) was

singular.

42. Subroutine HBPLAY: Indicates that there was an error in program
logic while determining the points that are in play for harness-belt

system.
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43. Subroutine ROTATE: Indicates that the listed plane number has
been assigned to more than one segment. The error can be eliminated by
defining multiple identical planes on input Cards D.2 and using

different planes assignments on input Cards F.l.

44, Subroutine ROTATE: Indicates that the listed hyperellipsoid
number has been assigned to more than one segment on input Cards F.1.
The error can be eliminated by defining multiple identical (hyper)
ellipsoids on input Cards D.5.

45, Subroutine ROTATE: Same as STOP 44 except that the duplicate
assignment was detected on input Cards F.2. Note: Although the
duplicate assigmment was detected on the indicated input card, the
original assignment may have been made on input Cards F.l1l, F.2, F.3,
F.6, F.7 or F.8.

46. Subroutine ROTATE: Same as STOP 44 except that the duplicate
assignment was detected for a first segment on input Cards F.3. Note:
Although the duplicate assignment was detected on the indicated input
card, the original sssignment may have been made on input Cards F.l,
F.2, F.3, F.6, F.7 or F.8.

47. Subroutine ROTATE: Same as STOP 44 except that the duplicate
agsignment was detected for a second segment on input Cards F.3. Note:
Although the duplicate assignment was detected on the indicated input
card, the original assignment may have been made on input Cards F.1,
F.2, F.3, F.6, F.7 or F.8.

48. Subroutine ROTATE: Same as STOP 44 except that the duplicate
assignment was detected on input card F.7. Note: Although the
duplicate assignment was detected on the indicated input card, the
originel assignment may have been made on input Cards F.1l, F.2, F.3,

F.6, F.7 or F.8.

49, Not used.
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50. Subroutine ROTATE: Same as STOP 44 except that the duplicate
assignment was detected on input Cards F.6. Note: Although the
duplicate assignment was detected on the indicated input card, the
¢riginal assignment may have been made on input Cards F.1l, F.2, F.3,

F.6, F.7 or F.8.

51. Subroutine ROTATE: Same as STOP 44 except that the duplicate
assignment was detected on input Cards F.8. Note: Although the
duplicate assignment was detected on the indicated input card, the
original assignment may have been made on input Cards F.l1, F.2, F.3,
F.6, F.7 or F.8.

52. Subroutine POSTPR: Indicates that the number of points to be
plotted or used to compute the HIC, CSI or HSI number has exceeded the
maximum number of points allowed (currently 1000 including time point
0).

53. Subroutine POSTPR: The total number of plot axes has exceeded

the maximum (currently 25) and the abscissa is not time.

54. Subroutine POSPR: Indicates that the total number of plot saxes

has exceeded the maximum (currently 25) and the abscissa is time.

55. Subroutine OUTPUT: Indicates that the reference segment

specified for & tabular time history on the H cards does not exist.

56, Subroutine OUTPUT: Indicates that the number of required
tabular time histories exceeded the maximum (currently 65). To reduce
the number of tabulsr tim histories, select an appropriate value for
NPRT(18) on Card A.5 to eliminate some of the tabular time histories
that are automatically outputted and/or reduce the number of tabular

time histories requested by the H cards.

57. Subroutine CONTACI: Indicates that the number of plane/segment
certacte exceeded the maximum (currently 70). The total number of
plane/segment contacts is equal to the sum of the elements of the
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MNPL(J) array as specified by Card F.l.a. This sum represents the total

number of plane/segment contacts specified for all contact planes.

58. Subroutine HBFLT: Indicates that the total number of belts
exceeded the maximum (currently 20). The total number of belts consists
of the totel number of simple belts, NBLT on Card D.l1 (maximum currently
8) plus the total number of harness belts, NBLTPH(I) on Card F.8.a

(maximum currently 20).

59. Subroutine CONTACT: Indicates that the number of

segment-segment contacts on Cards F.3 exceeded the maximur (currently

40).

60. Subroutine HINPUT: Indicates that & preferred direction was not

supplied for either an anchor point or a tie—point, on cards F.8.

61. Subroutine HINPUT: Indicates that the specified harness poirnt
is either & tie-point or an anchor point but it is allowed to lbe
perturbed along the belt line, i.e. the belt slips instead of the

reference point being moved, on Cards F.8.

62. Subroutine HINPUT: Indicates that the reference point is to
slide along the belt line and normal to it, but a preferred direction

was supplied, on Cards F.&.

63. Subroutine SINPUT: Indicates that the reference number for the
contact (hyper)ellipsoid supplied by Card D.5 was greater than the

maximum number of contact (hyper)ellipsoids allowed (currently 40).

64. Subroutine SINPUT: Indicates that the reference number for the
contact (hyper)ellipsoid supplied by Card D.5 has been assigned to an

airbag.

65. Subroutine SINPUT: Indicates that the specified number of
contact planes on Cards D.l exceeds the maximum (currently 30).

132




66. Subroutine SINPUT: Indicates that the number of specified belts

on Card D.1 exceeds the maximum (currently 8).

67. Subroutine SINPUT: Indicates that the number of specified air

bags on Card D.l1 exceeds the maximum (currently 5).

68. Subroutine SINPUT: Indicates that the number of
(nyperjeliipecids supplied by Cards D.5 exceeded the maximum total
number of contact (hyper)ellipsoids (currently 40). Note that thisg
maximum is attainable only if some of the D.5 cards pertain to the
contact (hyper)ellipsoids automatically assigned to the segments and
given the same number as the segment number. The total number of
contact (hyper)ellipsoids, consists of the contact ellipsoids
automatically assigned to each segment on the B.2 cards plus any

additional ones specified by the D.5 cards.

69. Subroutine SINPUT: Indicates that the number of specified
constraints on Card D.1 exceeded the maximum (currently 12). Note that
Type 5 constraints (tension elements) are considered as two constreints

when computing the total number of constraints.

70. Subroutine SINPUT: Indicates that the number of specified

spring dampers on Card D.l1 exceeded the maximum (currently 20).

71. Subroutine SINPUT: Indicates that the number of specified

harnesses on Card D.1 exceeded the maximum (currently 5).

72. Subroutine SINPUT: Indicates that the number of specified wind
force functions on Card D.1 exceeded the maximum (currently 50 if no
other force functions are used)., If used in conjunction with any other
previously defined force function, the total number of force functions

end wind force functions cannot exceed the maximum (currently 50).

73. Subroutine SINPUT: Indicates that the number of specified joint
functions exceeded on Card D.l the maximum (currently 50 if no other

force functions are used). If used in conjunction with other preceeding
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force functions, the total number of force functions including the joint

function cannot exceed the maximum (currently 50).

74. Subroutine SINPUT: Indicates that the number of specified

force/torque functions on Card D.l1 exceeded the maximum (currently 5).

75. Subroutine AIRBGl: 1Indicates that the total number of segments
in the program exceeded the meximum (currently 30). The totel number of
segments consists of the segments specified by the B.2 cards (NSEG), any
vehicle segments (as specified by the C Cards), any airbags (NBAG on
Card D.1) and the ground.

76. Subroutine AIRBGl: Indicates that more than 4 contact planes

(ellipsoids) were specified for an airbag.

77. Subroutine BINPUT: Indicates that the totel number of body
segments (NSEG) exceeded the maximum on Card B.1 (currently 28). The
total number of body segments must be at most 2 less than the maximum
for the total number of segments (currently 30) because there must
always be at least 1 vehicle segment and 1 ground segment. If the
maximum value for NSEG is used, there can be no airbags or secondary

vehicles.

78. Subroutine BINPUT: Indicates that the total number of joints

exceeded the maximum (currently 30), on Card B.l.

79. Subroutine VINPUT: Indicates that the total number of points
for the unidirectional input (option 2) exceeded the maximum (currently

99), on Cards C.
80. Subroutine VINPUT: Indicates that the total number of points

for the 6 degree-of-freedom deceleration input (option 3) exceeded the

maximum (currently 501), on Cards C.
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81. Subroutine VINPUT: Indicates the total number of actual time
points for the spline fit input (option 4) exceeded the maximum

(currently 501), on Cards C.

82. Subroutine VINPUT: Indicates that type 1 spline input data were
specified but the order of the curve fit was specified to be less than
2, on Cards C.

83. Subroutine VINPUT: Indicates that type 2 spline input data were
specified but the order of the curve fit was specified to be less than

1, on Cards C.

84. Subroutine OUTPUT: 1Indicates that the total number of tabular
time histories on Card H.l, H.2 or H.3 has exceeded the maximum

(currently 20).

85. Subroutine QUTPUT: Indicates that the total number of tabular
time histories on Card H.4, H.5, H.6, H.7 or H.8 has exceeded the

maximum (currently 20).

86. Subroutine QUTPUT: Indicates that the number of bodies
specified on Card H.10 for which the center-of-mass and related
quantities are to be output as tabular time histories has exceeded the

maximum (currently 5).

87. Subroutine OGUTPUT: 1Indicates that the number of segments to be
included in a body on Cards H.10 has exceeded the maximum (currently

22).

88. Subroutine BELTG: Indicates that the location of the A anchor
point of the simple belt (BELT(1,2,3;J), Card D.3.b) was in the interior
of the contact ellipsoid to which the eimple belt is attached. To avoid
this situation, reposition the A anchor point such that the anticipated
motion of the contact ellipsoid to which the simple belt is attached
will not cause it to come near the location of the A anchor point.

Refer to the message written on output unit 6 for the belt at fault.
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89. Subroutine BELTG: Indicates that the location of the B anchor
point of the simple belt (BELT(4,5,6;J), Card D.3.b) was in the interior

of the contact ellipsoid to which the simple belt is attached. To avoid

this situation, reposition the B anchor point such that the anticipated
motion of the contact ellipsoid to which the simple belt is attached
will not cause it to come near the location of the B anchor point.

Refer to the message written on output unit 6 for the belt at fault.

90. Not used.

91. Subroutine POSTPR: Indicates that the head injury criteria was
requested on Card H.1ll with improper values of NPRT(26) and NPRT(30), on
Card A.5.

92. Subroutine POSTPR: Indicates that the chest severity index was
requested on Card H.1l1l with improper values of NPRT(26) and NPRT(30), on

Card A.5.

93. Subroutine MAINA: The value for NPRT(26) on Card A.5 is greater
than 6. Permitted values are -6 through 6.

94. Not used.

95. Not used.

96. Subroutine SINPUT: Indicates that improper values were supplied

for segments assigned to be symmetric, on Card D.7.

97. Subroutine SINPUT: Indicates that a segment number supplied for

symmetry option on Card D.7 exceeds the number of segments.

98. Not used.

99, Subroutine BINPUT: Indicates that the number of flexible

elements exceeds the maximum (currently 8).
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100. Subroutine BINPUT: Indicates that the HF array for a flexible

element was improperly prescribed, on card B.7.

101. Subroutine BINPUT: Indicates that the value for IDYPR is

grester than 3, on Card B.3.
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6.0 LOGICAL UNITS ASSOCIATED WITH THE ATB MODEL

Execution of the ATB program requires the use of several FORTRAN
input/output files. Except for the primsry input and output files
(FORTRAN unit Nos. 5 and 6), the use of each I/O file is controlled by
input parameters contained within the program input file. It is
therefore necessary that the job control stream for a ATB computer run
contain those control statements required by the host computer's

operating system to access those I/0 files that the run may use.

The ATB program, like most FORTRAN programs, requires files to provide
for input and output. However, because of the complexity of the ATB
model and the potential for huge amounts of output from a single
simulation, the ATB program was written so that not all possible files
are written out for each run. This tailoring of the number of files to
be written for each simulation has been somewhat confusing because some
aspects of it are explicit (the user sets a flag for the type and
frequency of the desired output) and others are implicit (indirectly
determined by the type and number of force deflection interactions,

etc).

A logical unit is the device or file from which or to which input or
output from a FORTRAN program is to be sent. The READ and WRITE
statements of FORTRAN are in the form READ (x,y) where x is the logical
unit number and y is the statement number of a FORMAT statement (for
formatted types of I/0). This way of dealing with input and output is
handy because when the program is compiled it is not required to send
output to any specific file, it only sends it to a logical unit. The
file that is assigned to that unit can be different each time the
program is run, facilitating the use of different input files and
correspondingly different output files. It is the job of the operating
system (either explicitly by job control statements or implicitly with
default file names) to put (create and then assign) files at the
addresses of the logical units required for a program every time the
program is loaded (taken from disk memory and placed in the computer's
memory) and executed (run).
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The ATB model has an open—ended number of required logical units which
depends on the amount of output requested by parameters in the input
file. All computer operating systems, on the other hand, do not bave an
open-ended number of permitted logical units that can be associated with
individual programs (and for that matter all programs being run at a
particular time). The actual limit to the number of logical units &
particular program can have is & function of the system specification
where the user is running the ATB model. Factors that can affect this
limit could be the computer type, type of operating system, sysgen
parameters for the particular operating system, amount of system space,
parameters set when the program was linked, parameters set when the
program was compiled, number of jobs in the system when the ATB job is
running and their logical unit requirements, size of the disk directory,
amount of free disk space and others. If the user experiences problems
with the number of logical units and the number of available logical
units cannot be increased, the user will have to reduce the number cof
logical units required for the particular run, usually by changing

perameters associated with the tabular time histories.

Table 2 summarizes all of the FORTRAN logicsl units that may be used by
the ATB program.
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TABLE- 2
Summery- of - ATB- Progrem I/0 Files

LOGICAL GENERATING CONTROLL ING
UNIT TYPE* DESCRIPTION SUBROUT INE PARAMETERS

1 U Program VIEW Input UNIT1 NRPT(1) on Card A.5
2 F Printer plots PRIPLT NRPT(5,6,7)on Card A.5
3 U Restart ocutput RSTART IRSOUT on Card A.l.a
4 u Restart input RSTART IRSIN on Card A.l.a
S F Primary input several always reguired

6 F Primary output several always required

8 U Time histories OUTPUT NPRT(4) on Card A.5
10 u CALCOMP plots POSTPR NPRT(4) on Cerd A.5
21+ F Time Histories OUTPUT NPRT(4) on Card A.5

* Type is F for formatted, U for unformatted file.

6.1 VIEW QWTPUT (Unit 1)

Logical unit No. 1 is an unformatted (binary) output file designed to be
used a& input to the VIEW program (Ref. 6), the program that creates the
graphics frequently associated with the ATB model. It is generated by
Subroutine UNIT1 of the ATB program.

The generation of this output file is controlled by the value of NFRT(1)
that is supplied on input Card A.5. A blank or zero value for NPRT(1)
will suppress the generation of output file No. 1, whereas a non-zero
positive value will produce data records on output file No. 1 that are
equally spaced at every m*DT seconds of simulation time starting at 0
time, where m is the integer value of NPRT(1l) and DT is defined on input
Card A.4.

The first record on output file No. 1 contains fixed initialization data
describing the plane and contact ellipsoids, and succeeding records
contain the values of time and the c.g. linear coordinates in inertial
reference and the direction cosine matrix for each of the body segments.
On those computer systems that use double precision computations within
the ATB program, the data output on UNITl are converted to single
precision prior to output.
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6.2 PRINTER PLOT OUTPUT (Unit 2)

Logical unit No. 2 is a formatted output file to be printed as optional
program output. It contains printer plots generated by Subroutine
PRIPLT depicting Y-Z, X-Z and X-Y plane views of the body segments,
joints, belts, harness—-belts and airbags. Their generation is
controlled by the values of NPRT(S, 6 and 7) supplied on input Card A.5
for the Y-Z, X-Z and X-Y plane views, respectively. If any value is
zero or blank, the corresponding view will not be generated; if nonzero,
the corresponding view will be generated every m*DT seconds, where m is
the positive nonzero value of the NPRT indicator and DT is defined on

input Card A.4.

These printer plots have also been called "stickman plots"™. Each view
gives the location in the primary vehicle reference coordinate system of

the following points:

1. The c.g. position of each body segment using the plot
symbols defined by GGS(I) for I = 1 to NSEG as supplied on input Cards
B.2.

2. Each joint position using the plot symbols defined by JS(J)
for J = 1 to NINT as supplied on input Cards B.3.

NOTE: It has been found to be much easier to visualize the

printer plots by supplying values for OGS and JS variables

for each of the "standard" 15 segments as depicted in Table 3.
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TABLE- 3

Suggested Printer Plot Symbols

segment or joint H~-HP - N -NP -UT - W -CT - P -LT
&GS or JS 1-2-3-4-5-6-7-8-9
segment or joint RH -RUL-RK ~RLL-RA -RF
OGS or JS A-B-C-D~-E-F
segment or joint LH -LUL-LK -LLL~-LA -LF
@GS or JS I-J-K-L~M-N
segment or joint RS -RUA-RE -RLA
&GS or JS P-Q-R-S8
segment or joint LS -LUA-LE -LLA
&GS or JS W-X-Y-12

3. The anchor points, tangent points and fixed point for each belt

using the plot symbol™.".

4. Each point in play for the harness-belt systems using the plot

symbol ".".

5. The center and semiaxes endpoints for each airbag using the
plot symbols "@" for the center, "-" for the endpoints of the Z axis and

"1" for the endpoints of the X and Y exes.

6. The origin of the vehicle reference coordinate system using the
plot symbol "*"., This origin (in X, Y, and Z plot coordinates) is
specified by the values of ZPLT on input Cerd G.l.a, all plotted points
are translated with respect to this origin, and those plot coordinates
falling outside of the plotting area (1 to 120 for the plot Z axis, and

1 to 60 for the plot X and Y axes) are ignored.

The printed output pages produced from FORTRAN output No. 2
congist of 60 lines of 120 characters each. In general, the first or
top line represents the plot Z axis and the first column or the left
side edge, running from top to bottom, represents the plot X axis. If
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the view contains the plot Y axis, it is used in place of the unused X
or Z axis. By rotating the printed pages 90 degrees in a
counter-clockwise direction, the printed page becomes more familiarly
orientated, i.e., negative Z up and positive X to the right froam the
lower left corner. The first character of each line is filled with the
symbol "~-" that serves as tick marks along the positive plot X axis.

The distance between each of these tick marks is one length unit (UNITL
on input Card A.3.) Distances or lengths in the plot Z direction &re
the same and are established by the supplied values of SPLT on input
Card G.1.b. to accomodate printers that differ from default values of 10

horizontal characters and 6 lines per inch.

6.3 RESTART INPUT AND QUTPUT (Units 3 and 4)

The ATB progrem has a built-in optional restart procedure that is

versatile and independent of the computer and operating system being
used. This option allows a simulation tc be made es a base run, then
program parameters can be changed and the simulation continued, st 8

restart run.

To use the restart procedure, the following steps must be
followed:

1) Any computer simulation run (including a restart run itself)
may be a base run by defining the restart output unit IRSOUT = 3
on card A.l.A,

2) To restart the base run, define the restart input unit as
IRSIN = 4 and the restart time (RSTIME) on card A.1.A. and

redefine the data and run description on cards A.1.4~A.1.C,

3) Program parameters are modified on cards A.2 which permit the
user to change any variables in the program labeled common blocks.

No further input is required for the restart run.
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4) For the restart run, the program is loaded into the computer
as normal. However, the user must properly assign the restart

input snd output units.

To use the reestart procedure, the user should be aware of the following

procedures, considerations and restrictions.

1) The procedure consists of two subroutines (RSTART and SEARCH
called by the main program) written entirely in FORTRAN IV and is
therefore completely independent of the computer and operating

system being used.

2) The restart procedure is completely optional. Its use is
controlled by three additional input parameters on the first input
card in such a manner that blank or zero values deactivate the
procedure. This permits its optional use without disturbing the

organization of current input decks.

3) Any computer simulation can be made a base run by setting
IRSQAUT = 3 on card A.1.A. This defines the restart output unit as

3 and requires that the logical unit 3 be assigned to a file.

4) During execution of the base run, an initial record is written
on the restart output unit containing all the information in the
program labeled common blocks that were defined by the input and

initialization portions of the program.

5) At equally spaced simulation time intervals (DT as specified
on card A.4), when the integration returns control to the main
program to perform optional output, time point records ere written
on the restart output unit. These records contain all information
in the program's labeled common blocks that are time dependent
and/or necessary to restart the program. The writing of the
restart unit in no way disturbs the normal operation of the

computer simulation.
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6) To restart, the program is reloaded in the normal manner
(program changes since the base run are permissible if the changes
did not affect the format and contents of the restart unit.)

Input cards A.1.4A, A.1.B and A.1.C are required defining a new
date, run description, the restart input unit number (IRSIN, a
value of 4 is suggested) and the restart time (RSTIME, an integral
multiple of DT). IRSOUT may be defined, if desired, to generate
an additional restart output unit. Again make sure the proper

control statements are included for units IRSIN and IRSOUT.

7) The program reads the initial input record from the restart
input unit described in step 4. The program then bypasses the
remainder of the input and initialization steps. One set of A.2
cards are then processed to modify any of the input or
initialization data from the base run that is to apply to the new
run. If the new value of IRSOUT is non~zero, step 4 is repeated
for the new restart output unit with the input modifications, if

any.

8) The program then advances the computer simulation time in LT
increments by reading the restart input unit records, instead of
calling the integrating routine DINT, up to and including the
restart time RSTIME., After each step, the main program performs
any optional output that is required including writing the time
point record onto the new restart output unit, if required. In
addition, the restart procedure calls Subroutine OUTPUT at each DT
time increment to write a line of output on all the time history
output units, thereby producing abbreviated time histories pricr

to the resumption of normal operation.

9) Immediately preceeding the resumption of normal operation at
the restart time RSTIME, the second set of A.2 input cards is read
allowing the user to change any variable in the labeled common
blocks to be used by the program during the succeeding normal

operation of the program.
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10) All variable modifications are made through the use of the
input cards A.2. Two sets (each terminated by a blank card) are
processed, the first after the input record is read from the
restart input time, and the second just prior to resumption of
normel operation of the program. Through the use of these cards,
the user has the capability of changing any variable in the
program labeled common blocks. The program merely makes the
changes indicated by the user and no attempt is made to check tke
validity or consistency of the modifications. Variables that are

useful to change include:

1. NSTEPS, DT, to control the length of the run.

2. Elements of NPRT array, to control optional output.

3. HMIN, HMAX, NDINT, SGTEST, to control the integrator.

4, Variables that define the position and characteristics

of the planes and other contact devices.

Some variable modifications should not be made including:

1. Modifications that would cause abrupt discontinuities ir
the integration procedure.

2. Geometrical dimensions of the body segments and joints
used to compute segment positions by the CHAIN procedure.

3. Controls of contacts, constraints that are currently
active.

4, Control of force deflection characteristic functions

that are currently loading or reloading.

In general, the user should carefully evaluate the potential effects of

restart modifications before prescribing them.

6.4 STANDARD INPUT (Unit 5)

The standard input file for the ATB progrem is logical unit No. 5. It

contains all the required input for a standard ATB simulation and is

described in detail in Section 4.0.
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6.5 PRIMARY OQUTPUT (Unit 6)

The primary output file for the ATB program is logicel unit Nc. 6. It

contains the following items:

1. A labelled echo of the ATB program input data.

2. Subroutine PRINT produces tables of segment linear and angular
position information, joint forces and torques, the sum of all external
forces and torques acting on each segment, and constraint forces data.
These data are generated by the main prograem at fixed time intervals of
m*DT seconds, where m is the value of NPRT(3) supplied on input Card A.S
and DT on input Card A.4, and by other subroutines for diagnostic
purposes. In general, these tables are not as useful as the tabular
time histories (to be discussed later), and their generation may be
completely suppressed by setting NPRT(3) equal to zero on input Card
A.5.

3. Tables of the computer elapsed CPU time used by selected
subroutines and the number of calles to these subroutines are generated
by Subroutine ELTIME. They are printed at fixed time intervals as
specified by DT on input Card A.4 at a frequency specified by NPRT(2).
When NPRT(2) is zero the table is generated only once at the successful

completion of & run of the ATB program.

4, Diegnostic type output is produced at every call to various
subroutines as controlled by the values supplied for NPRT(8) to (28) on
input Card A.5. This output is intended for diagnostic or checkout
purposes only, and, if used indiscriminately, can produce voluminous
amounts of output. This output is not always completely annotated and
the user should refer to the listing of the subroutine involved for a

description of the variables printed.

5. Short descriptions of changes in some of the conditions of a
ATB rup are produced as they occur. They include:
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a. Failures of the convergence tests for the program
integrator that cause the integration step to decrease in
gize. The time, step size, segment and test involved, and
the final convergence test parameters are printed. NOTE:
These messages are normal and do not indicate an error in
the simulation. A stop will occur if the integration step

becomes too small.

b. Changes in the lock conditions of joints as detected by
changes in the values of IPIN or IEULER for the various
joints. The time, previous and new values of the indicator,
and the identification number of nomenclature of the joint

involved are printed.

c. Changes in the set of contact points in play for the
harness-belt systems are indicated by listing the time, the
set of points and the distance between them at esch time a

point is added to or deleted from the set of points.

6. A page containing values of the head injury criterion (HIC),
head and chest severity indices (HSI and CSI) and related information is

produced under the following conditions:

a. The tabular time histories are produced on output file
no. 8 (see below) by supplying a nonzero value for NPRT(4)
on input Card A.5.

b. Accelerations for the head and chest are generated on

the tabular time histories as specified on input Cards H.l.

c. Either JDTPTS(1) or (2) is nonzero as specified onm inmput

Card H.1l1.

7. The tabular time histories may be generated on the primary
output file as described in the next section.
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6.6 TABULAR TIME HISTORIES (Units 6 and 8, or 21, 22, 23,...)

The tabular time histories are perhaps the most useful output of the ATB
program. Their generation, contents, frequency of output and the manner
by which they are generated are completely controlled by program input

parameters.

6.6.1 Control of Types of Tabular Time History Pages

The tabular time histories are generated by Subroutine QUTPUT. The
type and format of data produced is controlled by program input as

follows:

6.6.1.1 Optional Pages Controlled By Input Cards H.1 to H.1O0.
The output of the optional time histories is controlled by Caras H.1 to
H. 10.

a. Output of the components and resultant of linear
acceleratione for points on segments is specified by input
Cards H.1. These tables are printed out with three time

histories per page.

b. Output of the components and resultant of linear
velocities for points on segments is specified by input
Cards H.2. These tables are printed out with three time

histories per page.

¢. Output of the components and resultant of linear
positions for points on segments is specified by input Carde
H.3. These tables are printed out with three time histories

per page.
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d. Output of the components and resultant of angular
acceleration for segments is specified by input Cards H.4.

These tables are printed out with three time histories per

page.

e. Output of the components and resultant of anguler
velocities for segments is specified by input Cards H.5.

These tables are printed out with three time histories per

page.

f. Output of the components (yaw, pitch and roll) and
resultant of angular rotations for segments is specified by
input Cards H.6. These tables are printed out with three

time histories per page.

g+ Output of the lock condition, angles and resistive
torques for joints is specified by input Cards H.7. These

tables are printed out with two time histories per page.

h. Output of the components and resultant of the wind
forces on segments is specified by input Card H.8. These

tables printed out with three time histories per page.

i. Output of the components of the forces and torques
transferred across the joints is specified by input Card

H.9. These tables are printed out with one time history per

page.

js Output of the center of gravity location, linear and
angular momentum, and kinetic energy of sets of segments
(bodies) is specified by input Card H.10. These tables are

printed out with one time history per page.

6.6.1.2 Results of Forces Generated For Allowed Contacts.
The output of these time histories is controlled by NPRT(18) on input

Card A.S.
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a. Output of contact forces data for the allowed contacts
between planes and segments is specified by input Cards F.l.
Tkese tables contain two plane - segment contact time

histories per page.

b. Output of strain and anchor point forces for each
allowed contact between belts and segments is specified by
input Cards F.2. These tables contain two belt - segment

contact time histories per page.

c. Output of strain and endpoint forces for all belt
secticns of the harness belt systems from the points
specified as endpoints is specified by input Cards F.&.d.

These tables contain two belt section time histories fper

page.

d. Output of the results of spring damper fcrces is
specified by input Cards D.8. These tables contain two

spring damper time histories per page.

e. Output of contact forces data for the allowed contacts
between segments is specified by input Cards F.3. These
tables contain one segment - segment contact time history

per page.

f. Output of the airbag parameters and contact forces for
the allowed contacts between airbags and segments is
specified by input Cards F.6. These tables contain four

airbag - segment contact time histories per page.

152




6.6.2 Methods of Generating the Tabular Time Histories

The ATR program contsins two methods that may be used to generate the
tabular time histories. These are controlled by the value supplied tor

MPRT(4) on input Card A.S.

6.6.2.1 Multiple Secondary Output Files (Units 21, 22,
23,...). The first method (NPRT(4) = 0, 1 or 4) causes Subroutines
OUTPUT and HEDING to produce the tabular time histories on multiple
secondary output files, commencing with logical unit No. 21 and using up
to 65 consecutive unit numbers as required by the program input, with
each new page type (as described in the previous section) assigned to
the next higher logical unit number. Thies method requires control
statements be included in the ATB program input stream to assign and
print these multiple secondary output files as required by the host
computer system. The maximum number of these multiple secondary files

can be increased by changing the Stop in subroutine OUTPUT.

The first page generated in the sequence described above will be
essigned to logical unit No. 21 and identified as page 21.01. As new
page types are required, they will be assigned to logical unit Nos. 22,
23, etc. with the first printed page on each unit identified as page
22.01, 23.01, etc. The heading on each printed page contains this page
icentification in the upper right corner, followed by lines containing
the date (DATE from input Card A.l.a), run description (COMENT from
input Cards A.1.b and c¢), the vehicle deceleration (VPSTTL from input
Card C.1), crash victim identification (BDYTIL from input Card B.1), and
a completely annotated description of the tebular columns contained on

cach page.

The first column of each line on every file contains the value of TIME
(msec). Each individual page on each file contains 45 lines of tabuler
data. Each page is numbered with & unique identification of the foru
NT.XX where NT is the logicel unit number and .XX is a decimal number
commercing with .01 and incremented by .0l for subsequent pages of each
tile. Each page contains the complete heading information described in
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the previous paragraph. Therefore, the pages from the different NT
files and with the same .XX identifier, contain the tabular timre history

data for the same time points.

The frequency cf the printed linee of output on each file or page of the
tabular time histories is controlled by the supplied value of NPRT(26)
on input Card A.S.

6.6.2.2 Post-Processing Time History Data File (Units 6 and
8). The data generated for the tabular time histories by Subroutine
OUTPUT can be transmitted to an unformatted output file (logical unit
no. 8) designed to serve as an input file for the pcst-processing
features available in the ATB program. The generation of this time
history output file and its use by the post-processing features is
controlled by the value of NPRT(4) suppliec cn input Card A.5 as

follows:

a. NPRT(4) = O (default): The time history file (logical
unit no. 8) is not created or accessed and the tabular time
histories are produced on the multiple secondary output

files as described above.

b, NPRT(4) =1, . . . , 4: The time history file is
generated as an unformatted output file (logical unit no. 8)
by Subroutine CGUTPUT during the integration process portion
of the ATB progrem. The frequency of data stored on the
time history file is controlled by the supplied value for
NPRT(26) on input Card A.5 and is identical to the use of
NPRT(26) described above for the multiple secondary output
files. At the end of the run, the main program writes arn
end-of-file on the time history file, rewinds it, and then
calls Subroutine POSTPR, which now uses the time history
file as an input file to perform the required
post-processing operatione. Note that Subroutine POLVER ig
not celled for NPRT(4) = 4, this value operates essentially

the same as for NPRT(4) = O except that a time history file
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(logical unit no. 8) is generated for possible use by

subsequent ATB runs.

¢. NPRT(4) = -1, -2, or -3: The time history file that was
generated during a previous run is used as an input file for
the post-processing operations (Subroutine POSTPR) of the
current ATB run. In this case, the main program processes
input Cards A.l to A.5, bypasses the other input routines
(input Cerds B.1l to H.10) and integration process, and
transfers to the end of the main program to call Subroutimne
POSTPR to perform the post—processing operations, using the

time history file (logical unit no. 8) from a previous run.

d. NPRT(4) = plus or minus 2 or 3: The tabular time
bistories will be produced on the primary output file
(logicel unit no.6) by Subroutines POSTPR and HEDING from
the time history input file (logicel unit no. 8) during the
pust—processing operations performed at the end of a ATB
run. The tabular time histories produced by this methcd
will be identical to those described for the multiple
secondary output files above, except for the following

conditions:

(1) The output wiil be produced from single precision
words rather than from double precision words except
on those computer (CDC or Cyber) systems that do not
require double precision computations for the ATB
program. This meane that any exponenticl formats will

print with an E rather than with a D format.
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(2) The individual pages will be ordered by time and
not by file numbers, i.e., the page number sequence
here will be 21.01, 22.01, 23.01, ...; 21.02, 22.02,
23,02, ...; 21.03, 22.03, 23.03, ...etc., rather than
the sequence 21.01, 21.02, 21.03 ...; 22.01, 22.02,
22.03, ...; 23.01, 23.02, 23.03, ...etc. that is

produced from the multiple secondary ocutput files.

(3) The use of NPRT(26) = 2 to control the frequency
of the printed lines will not be operetional unlese it
was also used to generate the time history file

{logical unit no. 8).

e. NPRT(4) = plus or minus 1 or 3: Calcomp plots of data
from the tabular time histories will be generated during the
post—processing operations performed by Subroutine POSTPR at
the end of an ATB run. These are discussed in more detail

in the following section.

6.7 CALCOMP PLOT OUTPUT (Unit 10)

One of the post-processing operations available in the ATB program is
the capability to generate Calcomp plots from the data contained on the
time history file (logicel unit ro. 8). The generatior of these plots
is controlled by supplying an odd value (plus or minus 1 or 3) for
NPRT(4) on input card A.5; a positive value indicates the plots will be
generated during the same run that computed the time history data, while
a negative value indicates the plots will be generated from the time
history file of a previous run; a magnitude of one indicates that only
the plots will be generated while a magnitude of three indicates that
the printed tabular time histories will also be generated on the primary
output file (logical unit no. 6). Although Table 2 lists logical unit
no. 10 as the Calcomp plot output file, the actual file assignment, the
control statements required in the ATB program job control stream and
the procedures for the actual generation of the Calcomp plots frow tle
Calcomp plot output file are a function of the host computer sgystem.
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Tne Celcomp plots are completely general inr nature, with the generasl
format, page and plot size, and the variables to be plctted supplied es
I'rogram input. The capability is available to plot, as a function of
any variable, any other variables that are listed in the tebular time
histories from the data stored on the time history file (logical unit
no. 8). The complete specifications for each plot are supplied on input
Cerds I.1 to 1.8, following input Cerd H.1l. of the ATB program input

file. Seven input cards are required for each plot to specify:

1. The nurber of plots to be generated.

2. The number of dependent (Y) variables to be plctted against

the same independent (X) variable on each plot.
3. The page number and column number (from the printed tabular
time histories) for each of the dependent (Y) variables and the

independent (X) variable for each plot.

4, For both the horizontal (X) and vertical (Y) axes of each
plot;

a. the number of intervals or decrements along the axis,

b. an indicator to specify a linear or logarithmic axis.

¢. the values at the origin and end of the axis,

d. the length of the exis and of the paper or page size in

the directicn of the axis, and

e. the number of characters and the alphanumeric

information for the label of each axis.
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5. The number of characters and the alphanumeric information tor
each of two lines of a plot label to appear below the X axis

label.

For a complete description of the required input parameters for
the Calcomp plots, the user should refer to the iuput description
for input Cards I.1 to I.8 contained in Secticn 4.0. In additiomn
to plotting any variables from the tabular time histories ageinst
time, examples of other types of plots that have been generated
include X-Z plots of the head C.G. positions and plots of force
vs. deflection (or strain) that depict the actual loading and
unlocading characteristics that were experienced. Since it is
possible to specify the size and scaling for each axis, plots may

be generated for comparison with available experimental data.
The frequency of the data points for plotting is controlled by

NPRT(30) on Card A.5. This frequency cannot be greater than the
data stored in output Unit 8 as specified by NPRT(26).
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APPENDIX A

SLFD TEST EXAMPLE

Tkis example ATB input and output is from & typical sled test
simulation. It contains a 15 segment body restrained with a harness

belt. A hyperellipsoid is used to represent the dash.
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2 SEPT 1988 0o 0 0.0 CARD AlA
EXAMPLE 1: BASIC SLED TEST SIMULATION
TWO BELT HARNESS WITH HYPERELLIPSOID FOR DASH BOARD

IN. LB.SEC. 0.0 0.0 386.088 0.0 CARD A3
4 40 0.002 0.0005 0.001.0000625 CARD A4
10402 000000000000000000000000000O0O0O0O0 1CARD A5
15 14 9STH PERCENTILE MALE CARD Bl
LT 134.7721.62801.01011.7954 5.168 7.436 3.778 0.000 0.000-0.072 O CARD B2A
CT 213.09000.41600.23010.5857 4.809 6.673 4.145 0.000 0.000-0.011 O CARD B2A
UT 353.6733.45252.78322.3509 5.220 6.906 7.314 0.000 0.000-0.872 O CARD B2A
N 4 3.2890.02780.02780.0216 2.520 2.520 3.156 0.000 0.000 0.000 O CARD B2A
H 511.9270.27080.30850.1584 3.984 3.125 5.836 0.000 0.000 0.000 O CARD B2A
RUL 622.7252.01302.01300.2576 3.308 3.30812.652 0.000 0.000 0.000 O CARD B2A
RLL 7 9.7630.49890.49890.0626 2.487 2.487 9.616 0.000 0.000 0.000 O CARD B2A
RF 8 2.0790.04260.04120.0055 2.866 2.016 5.617 0.000 0.000 1.462 0 CARD B2A
LUL 922.7252.01302.01300.2576 3.308 3.30812.652 0.000 0.000 0.000 O CARD B2A
LLL A 9.7630.49890.49800.0626 2.487 2.487 9.616 0.000 0.000 0.000 O CARD B2A
LF B 2.0790.04260.04120.0055 2.866 2.016 5.617 0.000 0.000 1.462 0 CARD B2A
RUA C 5.5420.17430.17430.0259 2.122 2.122 7.497 0.000 0.000 0.000 O CARD B2aA
RLA D 5.9010.33310.33310.0214 1.871 1.87110.269 0.000 0.000 0.000 O CARD B2A
LUA E 5.5420.17430.17430.0259 2.122 2.122 7.407 0.000 0.000 0.000 0 CARD B2A
LLA F 5.9010.33310.33310.0214 1.871 1.87110.269 0.000 0.000 0.000 O CARD B2A
P M 1 0 0.00 0.00 -3.85 0.00 0.00 1.6l CARD B3A
0.00 0.00 0.00 0.00 5.00 0.00
W N 2 ¢ 0.00 0.00 -1.64 0.00 0.00 6.44 CARD B3A
0.00 0.00 0.00 0.00 5.00 0.00
NPO 3 0 0.00 0.00 -8.19 0.00 0.00 0.64 CARD B3A
0.00 0.00 0.00 0.00 10.00 0.00
HP P 4 0 0.00 0.00 -0.64 0.00 0.00 5.84 CARD B3A
0.00 0.00 0.00 0.00 10.00 0.00
RHQ 1 0 0.00 3.42 -0.31 0.00 0.00 -8.64 CARD B3A
0.00 0.00 0.00 0.00-45.00 0.00
RKR 6 1 0.00 0.00 10.00 0.00 0.00 -6.97 CARD B3A
0.00 0.00 0.00 0.00 60.00 0.00
RAS 7 o0 0.00 0.00 8.12 2.87 0.00 -2.66 CARD BJA
0.00 90.00 0.00 0.00 10.00 0.00
LEHT 1 © 0.00 -3.42 -0.31 0.00 0.00 -8.64 CARD B3A
0.00 0.00 0.00 0.00-45.00 0.00
LKU 9 1 0.00 0.00 10.00 0.00 0.00 -6.97 CARD B3A
0.00 0.00 0.00 0.00 60.00 0.00
LAV 10 0 0.00 0.00 8.12 2.87 0.00 -2.66 CARD B3A
0.00 90.00 0.00 0.00 10.00 0.00
RSW 3 0 0.00 6.24 -5.22 0.00 0.00 -5.37 CARD B3A
0.00 0.00 0.00 0.00 -4.10 0.00
REX 12 1 0.00 0.00 5.42 0.00 0.00 -8.20 CARD B3A
0.00 0.00 0.00 0.00-70.00 0.00
LS Y 3 0 0.00 -6.24 -5.22 0.00 0.00 -5.37 CARD B3A
0.00 0.00 0.00 0.00 -4.10 0.00
LEZ 14 1 0.00 0.00 5.42 0.00 0.00 -8.20 CARD B3A
0.00 0.00 0.00 0.00-70.00 0.00
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.000 10.00 .00 0.70 20.000 .000 10.00 .00 0.70 5.000CARD B4
.000 10.00 .00 0.70 20.000 .000 10.00 .00 0.70 35.000CARD B4
.000 5.00 .00 0.70 25.000 .000 10.00 .00 0.70 35.00 CARD B4
.000 5.00 .00 0.70 25.000 .000 10.00 .00 0.70 35.00 CARD B4
.000 10.00 .00 0.70 70.000 .000 .800 .00 0.70 40.00 CARD B4
.000 1.80 .00 0.70 60.000 .000 .000 .00 .00 .00 CARD B4
.000 7.00 00 0.70 35.000 .000 10.00 00 0.70 26.00 CARD B4
.000 10.00 .00 0.70 70.000 .000 .800 .00 0.70 40.000CARD B4
.000 1.80 .00 0.70 60.000 .000 .000 00 .00 .00 CARD B4
.000 7.00 .00 0.70 35.000 .000 10.00 .00 0.70 26.00 CARD B4
.000 10.00 .00 0.70 122.500 .000 10.00 .00 0.70 65.00 CARD B4
.000 1.80 .00 0.70 70.000 .000 .00 00 00 .00 CARD B4
.000 10.00 00 0.70 122.500 .000 10.00 00 0.70 65.00 CARD B4
.000 1.80 .00 0.70 70.000 .000 .00 .00 .00 .00 CARD B4
0.1 0.0 3.0 0.0 0.0 0.0 0.0 CARD BS
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD BS
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD B5S
0.1 0.0 30.0 0.0 0.0 .0 0.0 CARD BS
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD BS
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD BS
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD BS
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD BS
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD B5
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD BS
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD BS
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD BS
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD BS
0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD BS
.01 .01 .01 .01 .01 .01 .10 .10 10 10 10 .01CARD B6
.01 .01 .01 .00 .00 .00 .10 .10 10 00 00 .00CARD B6
.01 .01 .01 .00 .00 .00 .10 .10 10 00 00 .QOCARD B6
.01 .01 .01 .00 .00 .00 .10 .10 10 .00 00 .Q0CARD B6
.01 .01 .01 .00 .00 .00 .10 .10 10 .00 00 .Q0CARD B6
.01 .01 .01 .00 .00 000 .10 .10 10 .00 00 .O0CARD B6
.01 .01 .01 .00 .00 .00 .10 .10 10 .00 00 .Q0CARD B6
.01 .01 .01 .00 .00 .00 .10 .10 10 .00 00  .COCARD B6
.01 .01 .01 .00 .00 .00 .10 .10 10 .00 00 .00CARD B6
.01 .01 .01 .00 .00 .00 .10 .10 10 .00 00  .0O0CARD B6
.01 .01 .01 .00 .00 .00 .10 .10 10 .00 00 .00CARD B6
.01 .01 .01 .00 .00 .00 100 .10 10 .00 00 .00CARD B6
.01 .01 .01 .00 .00 .00 .10 .10 10 .00 00 .00CARD B6
.01 .01 .01 .00 .00 .00 .10 .10 10 .00 00 .00CARD B6
.01 .01 .01 .00 .00 .00 .10 .10 10 00 00 .00CARD B6
SLED ACCELERATION - 20G PEAK
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15 0.0 0.010 OCARD C2A
0.0 5.0 10.0 15.0 20.0 15.0 10.0 5.0 0.0 0.0 0.0 O.0CARD C3
0.0 0.0 0.0 CARD C3
12 0 0 3 0 0 1 0 0 0 CARD DI
1 SEAT. 6 DEGREE OFF HORIZONTAL. CARD D2A
10.0 8.0 -10.0 CARD D2B
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10

il

12

28.01 8.0 -11.89
10.0 -8.0 -10.0
BACK PANEL. 13 DEGREE OFF VERTICAL.

1.0 9.0 -48.97
10.0 9.0 -10.0

1.0 -9.0 -48.97
FLOOR.

0.¢ 12.0 -1.3
60.0 12.0 -1.3
0.0 -12.0 -1.3
HEAD PAD. 13 DEGR
2.48 7.5 -47.26
4.96 7.5 -36.595
2.48 -7.5 -47.26
SEAT FRONT PANEL.

28.01 8.0 -11.89

26.66 8.0 -4.40

28.01 -8.0 -11.89
BACK PANEL2. 13 DEGREE OFF VERTICAL.

1.0 9.0 -48.97
10.0 9.0 -10.0
1.0 -9.0 -48.97
FIREWALL.
60.0 12.0 -25.0
60.0 -12.0 -25.0
60.0 12.0 -0.75
RIGHT SIDE SEAT/IN.
8.41 8.1 -6.66
8.70 8.1 -14.73

30.58 8.1 -6.64
LEFT SIDE SEAT/IN.

8.41 -8.1 -6.66

30.58 -8.1 -6.64
8.70 -8.1 -14.73
RUDDER PEDALS.

49.992 9.0 -2.239222
52.992 9.0 -4.7565222
49.992 9.0 -2.239222
LEFT SIDE PANEL.
1.0 -9.0 -48.97
10.9 -9.0 -6.10

=7.77 -9.0 -46.95
RIGHT SIDE PANEL.

1.0 8.0 -48.97

-71.71 9.0 -46.95
10.9 9.0 -6.10

4.5 3.0 3.0 0.0 4.0 -3.5
3.2 6.0 8.0 0.0 0.0 -7.0
6.0 15.0 5.0 38.0 0.0 -28.0

6 0 0 0 o0 o0 0 0 O
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14

19

20
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22

24

25

26

21

SEGMENT-SEGMENT FCN.
0.0 -5.0
6
0.0 0.0
3.0 1220.0
CONSTANT, F=0.0
0.0 0.0
B FACTOR.
0.0 0.0
STIFF SURFACES
0.0 -4.0
8
0.0 0.0
0.3 40.0
2.0 2400.0
FRICTION FUNC.
0.0 0.0
CF=.25,CREST=.2
0.0 0.0
DAMPING COEFF. C=900
0.0 1.00
0.0 900.0
RATE OF DEFLEC.
-40.0 -150.00
-40.0 0.000
-10.0 0.000
10.0 1.000
40.0 0.928
T70.0 0.475
100.0 0.200
130.0 0.060
DAMPING COEFF. C=35
0.0 1.00
0.0 35.0
DAMPING COEFF. C=0.8
-1000.0 -1000.0
4
-1000.0 0.6
1000.0 1.0
DAMPING COEFF C=1100
0.0 1.00
0.0 1100.0
STIFF SURFACES-LL
0.0 -4.0
8
0.0 0.0
0.3 40.0
3.0 2400.0
HARNESS FDF
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0 24.50
0 85.00

OCO0OO0OO0Oo
CO0OO0OO O
QOO0 O
QOO0 O
OO OO0O
QOO0 O
oOCo0oO0COoO
[(F N7 NSNS
[CRECRE O LN L)
bt pmt bt s

R UWLUWRNLOADNLLOIOW

COO0OO0COO0OO0OOCO

DI AOOO0OO0OOOCO0OO0O

COO0OO0OO0OO0OOO

COO0OO0OO0OO0OOOO

COO0OO0OO0OO0OO0OO0O0O
COO0OO0OO0OO0OOCOO0OOOCOOO

- oow
(2]




ANBL AOTICULATED YOTAL 800T (47} WOOIL PaGE

DEVELOPED BT CALSPAW CORP., P.0. BOR 400, BUFFALO NT 14225
AID BY J&J TECAYOLOGIES INC., ORCHARD PARK, NT MI2?

FOR TRE A[R FORCE ARMSTRONG AEROSPACE MEDICAL RESEARCE
LABORATORY, WRIGHT PATTERSON AIR FORCE BASE
UVDER CONTRACTS F33615-75C-3002,-70C-0510 4ND -00C-05117

AND FOR TET FATIONAL BIGEWAY YRAFFIC SAFETY ADMINISTRATION,
0.8. DEPARTMENT OF TRAUSPORTATION, UNDED CONTRACTS
FR-11-7502, B5-053-2-485, NS-8-01300 A¥D 85-8-01410.

PROGRAM DOCOMENTATION: WNTSA REPONT M0S, DOT-BS-801-507
THROUGH 510 (FORMERLY CALSPAN BEPORY §O. 20-5180-L-1),
4VAILABLE FROM NTIS (ACCESSION NOS. PD-241602,3.4 AND 5),
APPENDINES 4-J T0 THE ADOVE (AVAILABLE FROM CALSPAN},
AUD REPORT JOS. AMRL-TB-75-14 (NTIS 0. A0-A0L4 818),
AFAMRL-TR-00-14 (N7IS BO. AD-A088 0291, AND
SFAIGL-TR-83-073 (YIS 30. AD-DOTH 184),

PROGRAV 378-17, EXECUTED ON THE SAMRL/DE CONCUBRENT
3250 COMPUYER, WRIGHT-PATTERSON AFE, OMIO

2 SEFT 1988  IBSIN- O IRSOUT: O ODSTIME = 0.0000 CARDS &

EXAMPLE }: DASIC SLED TEST SIMULATION
™0 BELY RABNESS WITH EYPERELLIPSOID FOR DASH BOARD

min s I LL1he S B OHTT « SEC. GRAVITY VECTOR = (  0.0000, ¢€.0000, 380.0880) 0+ )86.0880

wir . BSTEPS = 40 DY =0.002000 10 =0.000500 T =6.001000 RNLY £0.000003

Lid el T
P23 €5 67 8 9010001213 141516 17181920 21 2223 24 2526 27 20 20 30 31 32 33 34 35 36
1 040 20 0 00 0000 O0O0O0COO0COCO0O0CCOCCOCO0COCO0OOOD0TD0OTCOO0DOOTOO!
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CBASH YiCTIN §518 PERCENTILE WALE 15 SEGMENTS 14 JOINTS PiGE 2
CARD B.)

PRINCIPAL WOMEWTS OF [WERTIA SEGMENT COYTACT ELLIPSOID CARDS 8.2

SEGMENT WEIGRT { LB.-SEC.002- I1.) SEMIAXES ( IN) <. CENTER (1N PRINCIPAL AXES (DEG)
I SpLoY (LB) 1 7 i 1 1 [/ I 1 1 Yan PITCR oLt
1L H.m 1.6200  1.0101 1.705¢4 5.168 7.4 1M 0.000 0.000 -0.072 0.00 6.00 0.00
I S 13.009 0.4160 0.2301 0.5887 1000 6.673 4145 0.000 0.000 -0.0%H 0.00 0.00 0.00
i 53.613 34515 2.7831  2.3509 §.220 &.008 .34 0.000 0.000 -0.872 0.00 0.00 0.00
LI S | 3.288 0.0278  0.0270 0.0218 2.520 2.520 .15 0.000 0.000 0.000 0.00 0.00 0.00
58 5 11.927 0.2700  0.3085 0.1584 3.8t 3125 5.638 0.000 0.006 0.000 0.00 0.90 0.00
6 UL 8 22.725 1.0130  2.0130 0.2576 3.308  3.308 12,692 0.000 0.000 0.000 0.00 0.00 0.00
7 LY 9.78) 0.4088 0.4909 0.0020 .07 2487 9.618 0.000 ¢.000 0.000 0.00 0.00 0.00
38 W 8 .41 0.0026  0.0412 0.0055 2.866 1.0 5.017 0.000 0.000 1.462 0.00 0.00 0.00
9 L0L ¢ 21.715 2.0130  2.0130 0.2578 3,008 3.308 12.0%2 0.000 0.000 0.000 0.00 0.00 0.00
10 Ll & 0.78) 0.4080  0.4989 0.002¢8 2.487 2.487 0018 0.000 0.000 0.000 0.00 0.00 0.00
H L B 2.0 0.0426 0.0412 0.0055 2.866 2,016 5.817 0.000 0.000 1.402 0.00 0.00 0.00
12 80a € 5.502 0.1743 0,174  0.02590 .17 1N 1m 0.000 0.000 0.000 0.00 0.00 0.00
13 1A D 5.901 0.3331  0.3331  0.0714 1.870 L8711 10.200 0.000 0.000 0.000 0.00 0.00 0.00
L e 5.542 0.1743  0.1743  0.025¢0 m nn wm 8.000 0.000 0.000 0.00 0.00 0 00
15 Lk F 5.901 0.3331 0.3 o021 L1 L.a1y 0.269 0.000 0,000 0.000 0.00 0.00 0.00
CARDS 0.)

Joine LOCATION( [.) - SEG(JNT)  LOCATION{ [¥.) - SEG(Jel) PRIN. AXIS(DEG} - SEGIJWT) PRIN. ABISIDFS) - SEG(Jel)
J SY¥ PLOT JuT PLN  § 1 2 1 ! 1 |13 pITCE BOLL w rivca ROLL
1y ¥ 1 0.000 0,000 -3.850 0.000 0.000 1.810 0.00 0.00 0.00 0.00 5.00 0.00
7 v 2 0.000 0.000 -1.840 0.000 0.000 6.440 0.00 0.00 0.00 0.00 $5.00 0.00
I o 30 0.000 0.000 -8.190 0.000 0.000 0.8¢0 0.00 ¢.60 0.00 .00 10.00 0.00
§ B P 40 0.000 0,000 -0.640 0.000 0.000 5.840 0.00 0.00 0.00 0.00 10.00 0.00
S M Q 1 ¢ 0.000 3.420 -0.310 0.000  0.000 -0.040 0.00 0.00 0.00 0.00 -45.00 0.00
0 K2 0 0.000 0.000 10.000 0.000  0.000 -0.970 0.00 0.00 0.00 0.00  60.00 0.00
T M5 10 0.000 0.000 8.120 2070 0.000 -2.860 0.00 90,00 0.00 0.00 10.00 0.00
8 Y 10 0.000 -3.420 -0.310 0.000 0.000 -8.840 0.00 0.00 0.00 0.00 -45.00 0.00
P wu o1 0.000  0.000 10.000 4000 0000 -6.970 9.00 0.00 0.00 0.00  80.00 0.00
10 WY 100 0.000 0.000 6.120 018 0.000 -2.880 0.00 90.00 0.00 0.00  10.00 0.00
i s ¥ 30 0.000 8.240 -5.220 0.000 0.000 -5.370 0.00 0.00 0.00 0.00 -4.10 0.00
12 R Y 17) 0.000 0.000 5.420 0.000 0.000 -8.200 0.00 0.00 0.00 0.00 -70.00 0.00
BB 30 0.000 -6.240 -5.220 0.000 0.000 -5.370 0.00 0.00 0.00 0.00 -€.10 0.00
W g2 Wi 0.000 0.000 5.420 0.000 0.000 -8.200 0.00 0.00 0.00 0.00 -70.00 0.00
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JOIBT TORQUE CHARACTERISTICS

FLETUBAL SPRING CHARACTERISTICS

SPRING COEF, ( 1M, LB./DEGeeJ) EveRor Jaon SPRINO COEF. [ 1N, LB./DEQ11Y)

Jole LINEAR  QUADRATIC COBIC  DISSIPATION STOP LINEAR  QUADRAYIC
{J:1) =0 (J=3) COEF. (DEG) =) (§=2)
1 r 0.000 10.000 0.000 0.700  20.000 0.000 10.000
N 0.000 10.000 0.000 0.700  20.000 0.000 10.000
A I |4 0.000 5.000 0.000 0.700  25.000 0.000 10.000
LI 4 0.000 5.000 0.000 0.700  25.000 0.000 10.000
5 0.000 10.000 0.000 0.706  76.000 9.000 0.800
¢ B ¢.000 1.800 0.000 0.700  80.000 0.000 0.000
T B 0.000 7.000 0.000 0.700  35.000 0.000 10.000
8 LA 0.000 10.000 0.000 0.700  70.000 0.000 0.800
L 0.000 1.800 0.000 0.700  ¢60.600 0.000 0.000
0 L4 0.000 7.000 0.000 0.700  35.000 0.000 10.000
H s 0.000 10.000 0.000 0.700 122,500 0.000 10.000
17 2 0.000 1.800 0.000 0.700 70,000 0.000 0.000
1y LS 0.000 10.000 0.000 0.700 129.500 0.000 10.000
(L 3 0.000 1.800 0.000 0.700  70.000 0.000 0.000

JOINT ¥ISCODS CBARACTERISTICS AND LOCK-UNLOCK CONDITIONS

T1scovs COuLOMD FOLL FRICTION MAT TORQUE FOR  MIN TORQUE FoR

Joirer COEFFICIENT  FRICTION COEF. ANGULAR VELOCITY & LOCXED JOLNT  UNLOCKED JOINT
{ 18, LB.SEC./DEG) (10 LB.) (DEQ/SEC.) (v s.) (1. 1B.)
[ 8.100 0.00 30.00 0.00 0.00
T 0 0.100 0.00 30.00 0.00 0.00
J oW 0.100 0.00 30.00 0.00 0.00
[ 4 0.100 0.00 30.00 0.00 0.00
5 &t 0.100 0.00 30.00 0.00 0.00
s 0.100 0.00 30.00 0.00 0.00
T B 0.100 0.00 30.00 0.00 0.00
8 LA 0.100 0.00 30.00 0.00 0.00
9 X 0.100 0.00 30.00 0.00 0.00
10 u 0.100 0.00 30.00 0.00 0.00
1R 0.100 0.00 30.00 0.00 0.00
12 B¢ 0.100 0.00 30.00 0.00 0.00
13 LS 0.100 0.00 30.00 0.00 0.00
I Le 0.100 0.00 30,00 0.00 0.00
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TORSIONAL SPRING CHARACTERISTICS

PaGE

CARDS B.¢
ENERGY Joir

CUBIC  DISSIPATION STOP

(=3 COEF. (DEG)
0.000 0.700 5.000
0.000 0.700  35.000
0.000 0.700  35.000
0.000 0.700  J35.000
0.000 0.700 40,000
0.000 0.000 0.000
0.000 0.700  26.000
0.000 0.700  €0.000
0.000 0.000 0.000
0.000 0.700  26.000
0.000 0.700  65.000
0.000 0.000 0.000
0.000 0.700  65.000
0.000 9.000 0.000

CARDS 8.5

¥, A¥G. VELOCITY 1MPULSE

FOR UNLOCKED JOIN?  BESTITUTION
(RAD/SEC.) COEFFICIENT

0.00 0.000

0.00 0.000

0.00 0.000

0.00 0.000

0.00 0.000

9.00 0.000

0.00 0.000

0.00 0.000

0.00 0.000

0.00 0.000

0.00 0.000

0.00 0.000

0.00 0.000

0.60 0.000
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FAGE
SEGMENT INTEGRATION CONVERGERCE TEST [NPUT CARPS B.¢
ANGOLAR VELOCITIES LINEAR VELOCITIES AYGULAR ACCELERATIONS LIVEAR UCCELERATIONS
(RAD/SEC.) { 18./5EC.) {BAD/SET. 442} { IN./SEC. 002
SEGMENY MAC. ABS. REL. HAG. ABS. REL. HAG. A4BS. REL. NAG, ABS. REL.

¥0. ST TEST  ERBOR  ERBOR TEST  ERROR  ERROSB TEST  ERROR  ERBOR TEST  ERBOR  ERROR

m 0.010 0.010 0.0100 0.000 0.000 0.0000 0.100  0.100 0.1000 0.000 0.000 0.0000
RLL 0.010 0.010 0.0100 0.000 0.000 0.0000 0.100 0,100 0.1000 0.000 0.000 0.0000
F 0.010 0.010 0.0100 0.000  0.000 0.0000 0.100 0.100 0.1000 0.000  0.000 0.0000
9 LUt 0.010 0.010 0.0100 0.000  0.000 0.0000 0.100  0.100 10,3000 0.000 0.000 0.0000
10 LLL 0.010 0.010 0.0100 0.000 0.000 0.0000 0.100  0.100 0.1000 0.000 0.000 0.0000
1 LF 0.010 0.010 0.0100 0.000  0.000 0.0000 0.100 0.100 0.1000 0.000 0.000 0.0000
17 RUA 0.010  0.0l0 0.0100 0.000 0.000 0.0000 0.100  0.100 0.1000 0.000  0.000 0.0000
13 BLA 0.010 0.010 0.0100 0.000 0.000 0.0000 0.100 0,100 0.1000 0.000 0.000 0.0000
LU 0.010 0.0l10 0.0100 0.000  0.000 0.0000 0.100  0.100 0.1000 0.000  0.000 0.0000
15 LA 0.010  0.010 0.0100 0.000 0.000 0.0000 0.100  0.100 0.1000 0.000 0.000 0.0000

I 0.010 0.010 0.0100 0.010  0.010 0.0100 0.100  0.100 0.1000 0.100 0.100 0.0100
2 07 0.0)0  0.0l0 0.0000 0.000  0.000 0.0000 0.100  0.100 0.1000 0.000  0.000 0 0000
jm 0.010 0.010 0.0100 0.000 0.000 0.0000 0.100  0.100 0.1000 0.000  0.000 0.0000
LI } 0.010  0.010 0.0i00 0.000 0.000 0.0000 0.100 0.160 0.1000 0.000  0.000 0.0000
5 f 0.010 0010 0.0100 0.000 0.000 0.0000 0.100  0.100 ©,1000 0.000 0.000 0.0000
[}
1
8
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MGE S

VERICLE DECELERATION [¥PUTS
CARDS €

SLED ACCELERATION - 20G PEAX

AW pIYCH ROLL nes i (]} ) 10 10(2)  WATAd iT0 AT IBEG
0.000 0.000 0.000 0.000 0.000 0.000 0.000 6.000 15 0.000000  0.010000 O

UNIDIRECTIONAL VEHICLE POSITION TABLES

e e TELOCITY rosiTion The ACC VELOCITY PosETION
(MSEC) G (1/5EC.) (1) (MSEC) © { In/SEC.) (1)

0.00000 0.00 0.0000 0.00000
10.00000 5.00 -9.6512 -0.03217
20.00000 10.00 -38.0008 -0.251%
30.00000 15.00 -80.8008 -0.86870
40.00000 2000 -154.4352 -2.05014
50.00000 15.00  -222.0008 -3.95740
80.00000 10.00  -270.2018 -8.43480
70.00000 $.00 -200.2102 -9.10629
89.00000 0.00  -308.870¢  -12.35482
00.00000 0.00 -308.8704  -15.403%2
100.00000 0.00 -308.870¢  -18.53122
110.00000 0.00  -Jos.8704  -21.82003
120.00000 0.00  -308.3470¢4  -24.70063
130.00000 0.00  -30s.8704  -27.798)
140.00000 0.00  -308.870¢  -30.88704
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WL WB'Y WBAG  TELP L] ¥SD WERESS WWLNDF  WNY? ¥FOBCE PAGE
11 9 0 3 ¢ 4 i 0 0 [ CARD D.1
PLANE 1HPUTS CARDS 0.2
PLAYE ¥0. ) SEAT. 8 DEGREE OFF B
I 1 4
poIme | 10.0000 8.0000  -10.0000
POINY 2 10.0100 8.0000  -11.8900
POLNT 3 10.0000 -8.0000  -10.0000
PLANE ¥0. 7 BACK FANEL. 1) DEGR
1 ! 1
POINT ) 1.0000 9.0000  -48.9700
POTNT 2 10.0000 9.0000  -10.0000
PoINT 3 1.0000 -9.0000  -48.9700
PLAYE ¥0. 3 FLOOR.
I I 2
POINY i 0.0000 12.0000 -1.3000
POINT 2 80.0000 12.0000 -1.3000
POINT 3 0.0000  -12.0000 -1.3000
PLANE ¥0. 4 READ PAD. 13 DEGR
1 1 1
POINT 1 2.4800 1.5000  -47.2600
POTNT 2 4.0600 7.5000  -36.5500
polNT 3 2.4800 . -7.5000  -47.2600
PLANE §0. 5  SEAT FRONY PANEL.
1 1 z
POINT | 28.0100 8.0000  -11.8900
POINT 2 6.6600 8.0000 -4.4000
POTNT 3 28.0100 -8.0000  -11.8000
PLAVE ¥0. &  BACK PAWEL2. I3 DEGR
I ! 2
POINT } 1.0000 9.0000  -48.9700
POINT 2 10.0000 9.0000  -10.0000
POINT 3 1.0000 -9.0000  -48.9700
PLAYE H0. 7 FIREWALL.
1 ! 4
POINT | 60.0000 12.0000  -25.0000
PoTNT 2 60.0000  -12.0000  -25.0000
POLNT 3 80.0000 12.0000 -0.7500
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TLANE 1DPUTS PAGE
CARDS D.2

PLAXE N0, 8 RIGHT SIDE SEAV/IN.

1 Y 2
POINT | 8.4100 8.1000 -6.6600
POLNT 2 8.7000 8.1000  -14.7300
ponnt 3} 30.5800 8.1000 -8.8400

PLANE ¥0. ©  LEFY SIDE SEAV/IN.

I 1 A
POINT ) 8.4100 -8.1000 -§.6600
POINT 1 30.5800 -8.1000 -8.0400
w3 08.7000 -8.1000  -1¢.7300

PLANE 0. 10 BUDDER PEDALS.

X 1 z
POINT | 19.9920 9.0000 -2.2302
FoINT 1 52.0920 9.0000 -4.7565
i} 19.9920 -9.0000 1.0

PLANE ¥0, 11 LEFY SIDE PANEL,

X p ]
oLt , 1.0000 -9.0000  -48.9700
PoietT 1 10.9000 -9.0000 -§.1000
T 3 -1.7100 -9.0000  -46.9500

PLAYE 0. 12 BIGHY SIDE PANEL.
1 Y A
POINT | 1.0000 0.0000  -48.9700

0087 17 -1.7100 9.0000  -16.9500
FolINTY 3 10,9000 9.0000 -6. 1000
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ADDITIONAL ELLIFSOID [BPUT

SEMIATES ( 1¥.)

10. I 1 A

! 4.500 3.000 ).000
3 J.200  8.000  B.000
H 6.000 15.000  5.000

BODY SEGMENT STMAETRY 1vPUY
Seam0. 1 1 03 4 5 6 7

ySTMIJ) 0 ¢ 0 0 0 0 O

0

¢

0

OFFSET ( 1X)

I 1 A
0.000 4.000 -3.500
0.000  0.000 -7.000
38.000  0.000 -28.000
1011 12 13 i 1s
0 0 ¢ 0 0 O
174

BOTATION (DEG

Ty PitTCH
0.000  0.000
0.000  0.000
0.000  0.000

BOLL

0.000
0.000
0.000

POWER

PAGE
CARDS 0.5

CABD 0 7



PAGE

FUBCTION ¥0. ) SEGUENT-SEGMENY FCI. nty i CARDS €
b0 1] ] )] 1]}
0.0000 ~§.0000 0.0000 0.0000 1.0000

FIST PART OF FUCTION - 6 TABULAR POINTS

0 FiD)
6.000000 0.0000
1.000000 4700000

2.000000 #90.0000
3.000000 1220.0000
1.000000 1470.0000
$. 000000 1580.0000

FUNCYION NO. & COWSTANT, F:0.0 nie s i CARDS E
bo n 02 3] ]
0.0000 0.0000 0.0000 0.0000 0.0000

SONCTION 1S COUSTANT  0.000000

175




FONCTION NO.

oo
0.0000

FoxcTION

FUNCTION ¥O,

00
0.0000

7 B FACTOR.
Dl
0.0000
1S CONSTANT

_—

D2
0.7000

6 700000

13 SHFF SURFACES

0l
-4.0000

FIRST PABY OF FUNCTION -

b
0.000000
0.100000
0.200000
0.300000
0.400000
1000000
1.000000
3.000000

Fib)
0.0000
5.0000

20.0000
40.0000
60.0000
860.0000
2400.0000
40000000

D2
0.0000

8 TABOLAR POINTS

PaGe

nen: A CARDS E
03 11
0.0000 0.0000

N = W CARDS E
D3 M
0.0000 1.0000

176




FAGE

fURCTIoOn ¥6. ¢  FRICTION FUNC. mi s 9 CARDS £
be ol n ] ]
0.0000 0.0000 0.5000 0.0000 1.0000

FUECTION 1S CONSTANY  0.500000

FUBCTION BO. 19 CF=.25 CRESTs.25 e« 8 CARDS §
Do ] p? 03 1]
9.0000 6.0000 0.2500 0.0000 0.0000

FONCTIOF 1S CONSTANT  0.250000

177




FURCTION 20. 20  DAMPING COEFF. C=900 o = 6l
Do bl D2 03 D¢
0.0000 1.0000 0.0000 0.0000 1.0000
FIRST PABT OF FUNCTION - 5TH DEGREE POLTNOMIAL
10 Al 1 A) M
0.000000 900.000000 0.000000 0.000000 0.000000
FUKCTION HO. 21 BATE OF DEFLEC. ey m
Do ] b2 03 ()
-46.0000 -150.0000 0.0000 0.0000 1.0000
FIRSY PABT OF FUNCTION - 21 TABULAR POINTS
D FD)
-40.000000 0.0000
-30.000000 0.0000
-20. 000000 0.0000
-10.600000 0.0000
0.000000 0.0000
5.000000 1.0000
10.000000 1.0000
20.000000 0.9900
30.000000 0.9650
40.000000 0.9280
50.000000 0.8600
60.000000 0.6900
10.000000 0.4750
80.000000 0.3400
90.000000 0.2600
100.000000 0.2000
110.000000 0.1800
120.000000 0.0900
130.000000 0.0600
140.000000 0.0250
150, 000000 0.0000
178

15
0.000000

CARDS E




FUNCTION B0, 22 DAWPING COEFF. C:35 nyfal s 10
%0 n n 1)) ]
§.0000 1.0000 0.0000 0.0000 1.9000
FINST PART OF FOUCTION - STH DEGREE POLYNOMIAL
) )] n [} [}
0.000000 35.600000 0.000000 0.000000 0.000000
FUBCTION §0. 24 DAMPING COEFF. C:0.9 w1
00 0 n (A M
-1000.9000 -1000.0000 0.0000 0.0000 1.0000

FINSY 20T OF FUDCTION - 4 TABOLAR POINYS

0 Fin
-1000. 000000 0.6000
-1.000000 0.6000
0.600000 1.0000
1006.000000 1.0000

179

PAGE
CARDS E
45
0.000000
CARDS €




FUNCTION ¥O. 25  DAMPING COEFF C:1100 MIS) « WS

0o Dl 74 03 2]
0.0000 1.0000 0.0000 0.0000 1.0000

FI1BS? PARY OF FUNCYION - 578 DEGREE POLYNOWIAL

10 L} 41 i3 1]
0.000000  1100.000000 0.000000 0.000000 0.000000

FUNCTION MO. 26  STIFF SUBFACES-LL WTI1(26) = 156
0o 0l 7] 03 0

0.0000 -4.0000 0.0000 0.0000 1.0000

FIBST PABT OF FUNCTION - 8 TABULAR POINTS

] F{D)
0.000000 0.0000
0.100000 5.0000
0.200000 20.0000
4.300000 10.0000
0.400000 6§0.0000
2.000000 860.0000
3.000000 7400. 0000
1.000000 1000.0000
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FAGE 14
CARDG £
45
0.000000
CARDS E




FUKcTION 90, M)

BABNESS FOF iy = m
n 1] L)) M
-4.0000 0.0000 0.0000 0.0000

FIEST PART OF FUKCTION -

]
0.000000
9.010000
0.020000
0.030000
0.050000
0.100000
1.000000
1.000000

FUBCTION 90, N2

bo
0.0000

F(0}
0.0000
150.0000
300.0000
150.0000
850.0000
3500.0000
35000.0000
140000. 0000

8 TABULAD POINTS

HARYESS FRICTION I s 200

bl
0.0000

FUNCTION 1S COPSTANT

0?2 0} 1]
0.2000 0.0000 0.2000

0.260080

181

PAGE
CARDS ¢

CARDS £

19




PAGE 16
FUNCTION §0. 3¢  HARNESS FRICTION ) = 205 CARDS E
b0 DI 02 03 D
0.0000 0.0000 0.0000 0.0000 0.2000

FUNCTION 1S COYSTANT  0.900000
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ALLOWED CORTACTS AND ASSOCIATED FUNCTIONS

PLANE SEGMENT FORCE DEFLECTION
}- 18 1- 1 13

SEAT. 6 DEGRET OFF B LT STIFF SURFACES
1- 18 8- 0 13

SEAT. 6 DEGREE OFF § RO STIFF SURFICES
1- 18 e 9 13

SEAY. & DEGREE OFF 8 LOU STIFF SURFACES
- 18 1= ) 13

BICK PAWEL. 13 DEGD LY STIFF SURFACES
1- 18 -1 13

S4CK PAWEL. 13 DEGR CY STIFF SURFICES
- 18 -3 13

BACK PANEL. )3 DEGR UT STIFF SORFACES
3-8 -0 N

FLOOB. 8F STYIFF SURFUCES
3- 18 - u N

fLoos. LF STIFF SURFACES
- 18 5 8 13

READ PAD. 1) DEGR 2 STIFF SURFACES
10- 18 8- 8 [N

RUDDER PEDALS. RF  STIFF SURFACES
10- 18 - H A]

BUDOED PEDALS. LF STIFF SURFACES

INERTIAL SPIXE B FACTOR

-20 -2

DANPING COEFF. C-000 RATE OF DEFLEC.

-1 -1

DANPING COEFF C=1100 RATE OF DEFLIC.

-15 -1

DAMPING COEFF Cx1100 RATE OF DEFLEC.

DANPING COEFF. C:000 BATE OF DEFLEC.

-0 -1

DAMPING COEFF. C:000 DATE OF DEFLEC.

-0 -2

DAMPISG COEFF. Cx900 BATE OF DEFLEC.

-0 -1

DINPING COEFF. C=35 MATE OF DEFLEC.

-n -

DAMPING COEFF. (=38 RATE OF DEFLEC.

-1 -u

DAMPING COEFF. C:=35 RATE OF DEFLEC.

-n -

DAMPING COEFF. C=35 RATE OF DEFLEC.

-1 -

DANPING COEFF. C=35 RATE OF DEFLEC.

183

@ FacTOR

0

PAGE

CARDS F.1

iT

FRICTION COEF. OF?

I
FRICTION FUKC.

I
FRICTION FUNC.

]
FRICTION FUXC.

1
FRICTLON FONC.

]
FRICTION FUKC.

It
FRICTION FUXC.

"
FRICTION FUNC.

1]
FRICTION FUNC.

H
FRICTION FUNC.

1)
FRICTION FUNC.

1t
FRICTION FUNC.




SEGMENT

- 2
cr

-1
cr

§- 6
17

-9
L0

13-
BLA

15- 15
LLA

SEGMENT FORCE DEFLECTION

13- 13 3

BLA SEGMENT-SEGMENT FCX.

15- 1§ 3

LLA SEGMEYY-SEGMENT FCY.

13- 3 3

BL4 SEGMENT-SEGMENT FCN.

18- 15 p

LLL SEGMENT-SEGMEWT FCH.

16- 14 13
VEd STIFF SURFACES

16- U 13
YER STIFF SURFACES

INERTIAL SPIKE

0

-1
DAMP1¥G COEFF. =35

-1
DAMPING COEFF. C:J5

184

R FACTOR

1
B FACTOR.

7
} FacTOR,

1
B FACTOR,

7
B FaCt08,

-
RATE OF DEFLEC.

-1
RATE OF DEFLEC.

G FACTOR

0

CARDS F.3
FRICTION CORF.

19
CF=.25,CREST=.25

19
CF:.25,CREST= 2§

19
CF=.29,CREST=.25

19
CF=.25,CREST: .25

I
FRICTION FUNC.

I
FRICTION FUNC.

oFt

0




BANDEGS-BELY SYSTIN (NFOT

¥0. OF WADMESSES :+ |

¥0. OF BELYS PER BABNESS * 1

FOR RAR¥ESS MO,

RARFESS ¥0.

> -y OB S s NP e

P ——
- - o o

T w2 PR D e

— -
- -0 o

f ]
wr

O e — e - e — OV

-
[

O e e e ot m ok o o — O

1 ¥0. OF POIETS PER BELY = 12

1 BELY MO,

n

09
115
13}
127
13
139
145
15t
157
183
190
173

| FUNCTION %0S. 3}

L1 ]

—_—_ D 0 O G OO OO O -
—_—— e - o - e . -

BASE REFERENCE ( IV.)

13.000
-1.178
-0.019
0.810
1.128
1.951
3.010
1.78%
0.1
-0.480
-1.480
13.000

T

8.000
1.07%
0.798
5.71718
.35
0.000
-0.080
-1.325
-5. 145
-5.189
-8.099
-8.000

4

-10.300
-0.781
-1.93
-2.103
-Lm

305
4.0
-3.343
.72
-2.2682
-1.200

-10.300

9
M
bl ]
A"
p L

]
H
M
M
i
3

0

[- 2K - - B Y - B N - -

2

-10.300
-0.701
-1.54
-2.20)
319

1.059
-1.367
-1.343
-2.728
-1.282
-1.200

15
0
FUNCTION XOS.
0 0 0
¢ 0 0
0 0 0
0 0 0
0 0 0
0 ° 0
¢ 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
ADJUSTED BEFERE¥CE ( [K.
X !
13.000  6.000
-1.118 1,075
0.0 6.705
0.010 5.7
2,218 2.3%%
2.057  0.000
2.34¢ -0.061
1,785 -2.325
0.011  -5.145
-0.030 -5.789
~2.460  -6.098
13.000 -8.000

-10.300

185

0 BEFERENCE SLACK =

OFFSET ( IN.)

0.090
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
9.000

Y

0.000
0.000
0.000

A

0.000
-0.072
-0.0m
-0.0m
-0.072
-7.000
-0.0m
-0.0M2
-0.012
-0.0m
-0.072

0.000

0.000 IN.

1

2.400
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
2.400

1

22.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

22,000

PAGE 18
CARDS F.8

CARDS F.8.D

PREFERRED DIRECTION ( IN.)

1

-0.300
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

-0.300




BARBESS 10.

E ]
-
[

13
14
15
16
17
18
19
20
1
2
23
1]
15
28
n

=

L I I R R S

X

13
L
15
16
17
18
19
20
H
n
2
"
5
6
1

-~
o -

»
O Lt eI L Gl Gl B BP D

| BELT KO,

187
193
10¢
205
"l
m
m
0
235
Hl
m
153
59
165
71

BASE BEFERENCE

13.000
~1.445
-0.960
0.000
0.010
1.818
2.500
3.000
4.487
L4
0.879
0.300
-1.000
-2.500
0.000

Y

-8.000
-8.101
-6.000
~5.700
~4.000
-5.439
-2.500
-1.500
-0.133
3.9
4.202
0.200
1.300
4.300
5.000

1 FURCTION ¥OS. i

|14}

2

—-—_0 000000000000 —
— e " D e e - e — e — - ———

(1)
[/

-10.300
-1l
-1.500

3.800
-4.500
-1.820
-1.500

8.500

3.1
-1.662
-5.6m2
-2.800
-8.000
-4.000

-35.200

0
FUNCTIO0N NOS.
0 0 0
0 0 0
0 0 0
¢ 0 0
¢ 0 ¢
0 ¢ 0
0 0 0
0 0 0
0 0 0
0 0 0
[ 0 0
0 ¢ 0
0 0 0
0 0 0
0 0 0

0 9

¢
1
3

0
3
n
n
n
1
hY/
1
2
n
3

0

O 0O OO0 OOOOO

ADJUSTED BEFERENCE ( 1V.)

X

13.000
~2.445
-0.906
0.000
0.008
1.818
3.9
.m
1467
4.4
0.870
0.320
-9.95%
-2.812
0.000

1

-8.000
-8.101
-5.601
-5.367
-3.061
=543
-1.397
-1.388
-0.133
3.3
1.202
0.213
4,105
.40
5.000

1

-10.300
-3
-1.359

3.518
-3.443
-1.820
-2.038

6.016

3.734
-1.662
-5.812
-2.985
-5.718
41719

-35.100

186

0 REFERENCE SLACK -

OFFSET ( 11)

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
¢.000
4.000
0.000
0.000
0.000

0.000
-0.0m
-0.012
-7.000
-0.012
-0.011
-0.01)
-6.872
-0.87m
-0.8712
-0.872
-3.500
-0.812
-0.812

0.000

¢.000

i,

CARDS F.8.D

PBEFERRED DIRECTION ( I¥.)

H

0.700
0.000
0.000
0.000
0.000
0.000
0.000
0.000
¢.000
0.000
0.000
0.000
0.000
0.000
0.700

1

17.500
0.000
0.000
0.000
0.000
0.0c0
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

17.500

4

-21.300
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

-21.300




SUBROUTINE 1NITAL 1NPUT MGE 19
CARD G.!
PLY(D  ZPLY(M 2RLT(Z) OI1 40 12 91 3 SPLT(L)  SPLY(2}  SPLT()
0. 0. 0. [} 0 ¢ 0 0 10.00 6.00 1.00
1NIT1AL POSITIONS {(INERTIAL BEFERENCE) CARDS 0.2
SEGMENT LINEAB POSITION ( 1D.) LINEAR VELOCITY ( IN./SEC.)
§0. SEG I 1 1 1 1 4
(I A 14.38100 0.00000 -13.75000 0.00000 0.00000 0.00000
10t 13.16068 0.00000 -19.07188 0.00000 0.00000 0.00000
3w 11.31383 0.00000 -26.93796 0.00000 0.00000 0.00000
(IS | 9.28353 0.00000 -35.53137 0.00000 0.00000 0.00000
5 B 1.7751) 0.00000 -41.83338 0.00000 0.00000 0.00000
6 RUL 22.9407) 3.42000  -14.48930 0.00000 0.00000 0.00000
7 BL 38.16072 3.42000  -10.39045 0.00000 0.00000 0.00000
8 Rf 19.17719 3.42000  -4.45508 0.00000 0.00000 0.00000
9 LOL 1294073 -3.42000  -14.48930 0.00000 0.00000 0.00000
10 LLL 3816022  -3.42000 -10.39¢45 0.00000 0.00000 0.00000
I LF 48.12719  -3.42000 - £.45968 0.00000 0.00000 9.00000
17 80k 12.34184 §.24000  -27.13188 0.00000 0.00000 0.00000
13 BLA 22.75808 6.24000 -21.4652 0.00000 0.00000 0.00000
14 LUk 12.3416¢  -6.20000  -77.13188 0.00000 0.00000 0.00000
15 Lta 22.75808  -6.24000 -21.48521 0.00000 0.00000 0.00000
TNITTAL ANGULAR ROTATION AWD VELOCITY CARDS @.3
SEGMEWT ANGULAR ROTATION (DEG) AUGULAD VELOCITY (DEG/SEC.)
H0. StG L) pirce BOLL ! 1 1 I
[ 0.00000  12.90000 0.00000 0.00000 0.00000 0.00000 31000
2 Cr 0.00000  12.95000 0.00000 0.00000 0.00000 0.00000 o2 1 0
I m 0.00000  13.28000 0.00000 0.00000 0.00000 0.00000 31 100
“ 0.00000  13.46000 0.00000 ¢.00000 0.00000 0.00000 I S
LI | 0.00000  13.46000 0.00000 0.00000 0.00000 0.00000 21 0
6 8L 0.00000  92.90000 0.00000 0.00000 0.00000 0.00000 21 ¢
7 BLL 0.00000  48.65000 0.00000 0.00000 0.00000 0.00000 32 1 0
8 K 0.00000  120.80000 0.00000 0.00000 0.00000 0.00000 M S B
9 L 0.00000  92.90000 0.00000 0.00000 0.00000 0.00000 A S
10 Lk 0.00000  48.85000 0.00000 0.00000 0.00000 0.00000 31 1 0
11 Lf 0.00000  128.80000 0.00000 0.00000 0.00000 0.00000 31 1 0
12 RUA 0.00000  24.50000 ¢.00000 0.00000 0.00000 0.00000 31 100
13 Rtd 0.00000  85.00000 0.00000 0.00000 0.00000 9.00000 J ¢ o0
14 L 0.00000  24.50000 0.00000 0.00000 0.00000 0.00000 311 0
15 LLA 0.00000  85.00000 0.00000 0.00000 0.00000 0.00000 31 1 0
LIVEAR AND ANGULAR VELOCITIES BAVE BEEW SET EQUAL TO THE IWITIAL VEHICLE VELOCITIES.
HBPLAT TIME = 0.000 MSEC. WH, ¥R NPTS X1: ] 1103
- 1 ? 3 { H 5 8 9 10 i H
B8 - 130 1,407 1574 37797 -2.557 L 2,856 3.388  1.187  1.040  4.738
HBPLAY TIAE - 0.000 MSEC. ¥R, VB UPTS ¥T- | 1 T 181
(- 13 14 18 N 7 2 n
BB = €78 7384 8.842  5.406  5.423 10.829
v .
187




TABULAR TIME BISTOBT CONTROL PARAMETERS
TIPE XSG SELECTED SEGMENTS OR JOINTS
a3 355

BEF 0118
127 ) 355
REF 003
83 1 J 5§
REF 00
B4 3 35§
REF 0 018
BS 3 355
REF 005
ge 3 3§58
REF 00l
BT 1 A |
REF 00
s 0
BEF
gy 1 {
REF ]
B.10 15 J 23485678 010111213115
REF 18

188




MAINID FUNCTIONS FOB YIME: 0.000 WSEC PAGE 20
(INERTIAL) (LOCAL) (LOCAL)
ANGULAR BOTATION (DEG) ANGOLAR YELOCITY (RAD/SEC.) ANGOLAB ACCELERATION (RAD/SEC.0v2}
SEGIENT ne PITCR KOLL 1 1 1 | 1 1
boLr 0.0000  12.9000 0.0000 0.00000 0.00000 0.00000 0.000000  -26.834640 0.000000
2 Cr 0.0000  12.9500 0.0000 0.00000 0.00000 0.00000 0.000000 10304245 0.000000
yoor 0.0000  13.2800 0.0000 0.00000 0.00000 0.00000 0.000000 -0.850459 0.000000
LI | 0.0000  13.4600 0.0000 0.00000 0.00000 0.00000 0.000000 13.637048 0.000000
5 0.0000  13.4600 4.0000 0.00000 0.00000 0.00000 0.000000 -1.165343 0.000000
6 RUL 0.0000  ©02.0000 0.0000 0.00000 0.00000 0.00000 0.000000 -2.405248 0.000000
7 BUL 0.0000  48.6500 0.0000 0.00000 0.00000 0.00000 0.000000  -12.215669 0.000000
L) 0.0000 126.8000 0.0000 0.00000 0.00000 0.00000 0.000000 56.318207 0.000000
v w 0.0000  92.0000 0.0000 0.00000 0.00000 0.00000 0.000000 -2.405248 0.000000
10 LIL 0.0000  48.6500 0.0000 0.00000 0.00000 0.00000 0.000000  -12.215669 6.000000
11 LF 0.0000 126.8000 0.0000 0.0000¢ 0.00000 0.00000 0.000000 56.310207 0.000000
17 B 0.0000  24.5000 0.0000 4.00000 0.00000 0.00000 0.000000 -8.01750 0.000000
13 BLA 0.0000  85.0000 0.0000 0.00000 0.00000 0.00000 0.000000  -34.722447 0.000000
oL 0.0000  24.5000 0.0000 0.00000 0.00000 0.00000 0.000000 -6.91750 ©.000000
15 Lid 0.0000  85.0000 0.0000 0.00000 0.00000 0.00000 0.000000  -34.722447 0.000000
16 VEH 0.0000 0.0000 0.0000 0.00000 0.00000 0.00000 0.000000 0.000000 0.000000
(1VERTIAL) (1WERTIAL) {THERTIAL)
LIEAR POSITION { 1D} LIWEAR YELOCITY ( I¥./SEC.) LIVEAB ACCELERATIONS (G'S)

SEGMENT I 1 4 X 1 4 1 f 4

1 LY 14.3810 0.0000 -13.7500 0.00000 0.00000 0.00000 0.017822 0000000 -0.088444
10 13.1607 0.0000 -19.07i9 0.00000 0.00000 0.00000 0.114863 0.000000 -0.110519
y 11.3138 0.0000 -26.9380 9.00000 0.00000 0.00000 -0.038031 0.000000 -0.075448
i1 9.2835  0.0000 -35.53)4 0.00000 0.00000 0.00000 -0.04227¢ 0.000000 -0.074312
5 B 1.11%2 0.0000 -41.83M 0.00000 0.00000 0.00000 -0.047117 0.000000 -0.073212
6 RUL 22.9407 3.4200  -14.489) 0.00000 0.00000 0.00000 0.041548 0.000000 -0.039408
7 BLL 38.1602 34200 -10.3004 0.00000 0.00000 0.00000 -0.100094 0.000000 0.188268
8 B 8.1 34200 -4.4560 0.00000 9.00000 0.00000 -0.187590 0.000000 -0. 183587
P m 120407 -3.4200  -14.489) 0.00000 0.00000 0.00000 0.041548 0.000000 -0.039498
10 LLL 381602  -3.4200  -10.3004 0.00000 0.00000 0.00000 -0.100004 0.000000 0.108268
LF 181272 -3.4200  -4.4560 0.00000 0.00000 0.00000 -0.187500 0.000000 -0.183587
17 RUA 12.:416 8.2400 -27.1019 0.00000 0.00000 0.00000 -0.11427¢ 0.000000 -0.038215
13 8LA 22,7581 8.2400  -21.4857 0.00000 0.00000 0.00000 -0.286015 0.000000 0.736709
14 LU 12,3416 -6.2400 -7.1319 0.00000 0.00000 0.00000 -0. 1142 0.000000 -0.038215
15 LLA 2271580 -0.2400 -21.48%2 0.00000 0.00000 0.00000 -0.166915 4.000000 0.736700
16 VEH 0.0000 0.0000 0.0000 0.00000 0.00000 0.00000 0.000000 0.000000 0.000000
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{1MERTIAL)
UL aRRAY { 1N./SEC.002)
EITERBAL LINEAR ACCELTRATIONS
1 ! 1

-0.1200D+03  0.0000D+00 -0.11350+04
0.00000+00 0.00000000 0.38610003
0.00400+02 0.00000+00 0.37010+03
0.00000400 0.00000+00 0.30810+03
0.78220402 0.0000D409 0.36800403 -
-0.53000402 0.00000+00 -0.11980+0)
0.00000+00 0.00000400 0.30810+03
095110401  0.00000000 -0.52100+03
-0.53000+02 0.00000+00 -0.11000+03
0.00000000 0.00000¢00 0.38610003
-0.95110+01  0.00000400 -0.52100+0)
0.00000+00 0.00000400 0.3801000)
0.00000+00 0.00000000 0.3081D003
0.00000+00  0.0000D+00 0.3881D+0)
000000400 0.00000000 0.30010003

(1RTIAL)
JOLNT FORCES ( 18.)
s 1 1 i

0 +0.1770401  0.0000+00 -0.1000+03
0 -0.100¢02  0.0000+00 -0.0590+02
¢ -0.3120¢01 0.0000+00 -6.1500402
0 -0.1080+01 0.0000000 -0.1220402
0 0.2740+01  0.0000000 6.0530400
i -0.1320401 0.000D+00 -0.5500¢01
9 -0.3390+00 0.000D¢00 0.3420+01
] 0.2740+01  0.0000000 0.853D+00
l +0.1320401 0.0000400 -0.550D401
0 -0.3300¢00 0.000D+00 0.202D00)
0 -0.2210001  0,0000¢00 -0.731D+0)
) 01580001  0.000D+00 -0.155D+01
¢ -0.2210001 0.0000+00 -0.731D+0}
| -0.158D+01 0.0000¢00 -0.1550+01

{LocaL)
B2 DAY (RAD/SEC,002)

RITERNAL ANGULAR ACCELERATIONS

1 1

0.000000+00 -4.400150402
0.000000¢00  0.000000:00
0.000000100 -0.318810404
0.000000000 0.000000000
0.133040-18 -0.207210000
0.85403D-17  0.210270403
0.000000¢00 0,000000¢M0
0.000000000 -0.176100+03
0.854030-17 0.218270103
0.000000¢00  0.000000400
0.000000¢00 -0. 176100403
0.000000+00  0.00000D400
0.000000+00 0.000000+00
0.000000100  0.000000+00
0.000000+00 0,000000¢00

(tmeriaL)
JOINT ToRqURs ( IN.
I 1

4

0.000000+00
0.000000000
0.008000400
0.000000+00
0.300510-10
0.123730- 14
0.000000000
0.000000¢08
$.120730- 4
0.000000¢00
0.000000+00
0.00000D+00
0.00000D+00
0.000000+00
.000000400

18.}
1

0.00000000  0.00000¢00 000000100
0.00000000 0.00005¢00 9.00000000
0.00000400 ©.00000400 0.00000¢00
0.00000100 0.00000000 #.00000+00
0.00000400 0.00000000 0.00000009
0.00000¢00  9.00000100 0.00000+00
€.00000100  0.00000400 0.00000+00
0.00000000 0.00000+00 0.00000400
0.00000000 0.0000D400 0.0000D200

0.00000100 0.0000D+0

0 0.00000100

0.00000000 0.00000100 0.00000+00
0.0000D+00 0.00000000 6.00000+00
0.00000400 9.00000000 0.00000+00
0.00000000 9.00000+00 0.00000+00

190

FA08

LIMTIC EMNY
(.- 1)
LI ANGULAR 107AL

0.000000000  #.000000000 0.00000D+00
0.000000000 ©.000000+00 0.000000+00
0.000000¢00  §.000000¢00 0.000000¢00
0.000000+00 ©6.000000+00 ©.000000+00
0.000000+00 0.000000+00 0.000000+00
0.000005:90 0,000000+00 §.00000D00
0.000000+00 0.000000+00 ©.000000+00
0.000000000 ©0.000000+00 0.00000D+00
0.000000000 0.000000+00 ©0.000000+00
0.000000+00  6.000000+06 0.00000D+00
0.000000+00 0.000000+00 0.00000D+00
0.00000D+00 0.000000000 0.000000200
0.000000100 0.000000400 0.00000D+00
0.000000+00 0.000000¢00 0.000000400
0.000000+00 0.000000+00 ©0.000000+00
T0TAL DODT RINETIC RRERGY
0.000000+00 0.000000+00 ©0.00000D+00

RILATIVE ANQULAR
VILOCITT (RAD/SEC.)

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

3




HARBRSS BILY RESULYS FOR 71X = 0,000 ISHC.

BELY STAALE (LocAL 0 FLLIPSOID)
POINT  POINT SEGMENT LEBOTR KNERGT LOSS REFERENCE POINT ( 1N.)
w. IpIir 0. (18) (15 LD) I 1 i

BILY BO. | OF RARNESS B0. |

) ) 16 0.000 0.000 13.000  8.000 -10.300
1 1 1 L 0.000 - 08 -0.701
3 3 | 1.402 0.000 -0.020 8795 -LIM
{ { 1 1.5 0.000 0.010 5.7 -1.20)
L] 5 1 L1 0.000 .2 1.8 -
0 L] l 1.597 0.000 2.051  0.000 3.0%
? 3 ) .65 0.000 1,78 -1.32%  -3.34)
' ? 1 3.388 0.000 0.0l 5.5 -1.7%8
? 10 } }.187 0.000 -0.880 -5.780 -1.182
1] 1] 1 1.940 0.000 -1.460 -6.000 -1.200
1 1 18 4.738 0.000 13.000 -8.000 -10.300
T0T4L 25LY EFIROY LOSS 0.000

BEILY BO. 2 0F BADNESS BO. |

12 13 16 0.000 0.000 13.000 -8.000 -10.300
13 14 1 .14 0.000 -5 6100 -1.21)

" 18 ] 7.3 0.000 1.818 -5.43%  -1,000

15 H ) 6.842 0.000 4407 0.1 LM

18 1 ) 6.400 0.000 i I -1e8

1 ] M 5.4 0.000 0.0 4,201 -5.6Mm

18 1 10 10.80 0.000 0.000 5.000 -35.200
T0TAL SELY ENXROT LOSS 0.000
T0TAL NARNESS EFEROY LOSS 0.000

EPTURS ITER + 10 AT TIME » 16,000 MSEC. DELMAY = 0.010337 SCALR
NPTORD ITER « 10 AT TIME e« 18,000 ASEC. ODELMAX » 0.000232 SCALE ¢
NPTURB ITER » 10 AT YINE = 19.000 MSEC. DELNAX » 0.000027 SCALE »
EPTURS IT60 + 10 AT TIME « 20,000 WSEC. OFLMAY « 0.010050 SCALE »
GPTURR [YER = 10 AT TIME = 21.000 WSEC. DELMAT « 0.010016 SCALE »
EBPLAYT TIME v 22.000 MSEC. FU,ND,IPYS M+ 1 1 LI ]}

{l}s M 1] 18 1 1 3 el H
LI L8 1300 0842 B.408 . $.423  0.401 10.338

HPTORS ITER » 10 AT TIME « 22.000 MGRC. DELMAYL .0.012“9 Kur »
HPTURD ITER « 10 4T Y1 ¢ 23.000 WSEC. DELMAX = 0.011517 SCALE =
EPTURD IT6R »+ 10 4T TIME = 24.000 MSEC. OELMAI « 0.01123¢ SCALE +
HPTURS ITIR « 10 AY YIME ¢ 25.000 MSEC. DELMAX = 0.0115090 SCALL »

EPYURD 762 « 10 AT TIMX « 28.000 MSEC. DELMAK ¢ 0.012320 SCALK »

191

1.000000
1.000000
1.000000
1.000000

1.000000

1.000000
1.000000
1.000000
1.000000

1.000000

(INEsTIAL)
BELY FORCES { LD.)

I 1
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 9.000
0.000 0.600
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 9.000
0.000 0.000
0.000 0.000

4

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.600
0.000
0.000

PacE

PEFETRATION
ENERGT LOSS
(11 18.)

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
6.000
0.000
0.000

0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000

1




£PTO18 1718
_EPTURS 1700 o

EPIOR I7HR »

EBPLAT 1IN »

nie 1
B s

EPTURB ITHR

FBRLAY T1M

e 0
B

BPTURD 1150 *

RBPLAY TINE »

wis o
B -

EPIRD IT6R »

RBPLAT TR +

nipe 1
B

EPIORD 1TMR »

LAY TN ¢

nie 1
0o

EPYOND 1152 -

EBPLAY TINE

w0
Bno-

EPYORS 1700

iali LRV I

WPTURD 1760 *

EPIORD 171D

#PIORD 1150 »

£PYORB 1750 »

SPYORS 1760 ¢

EIPAY T

LA M
B =

10 47 718 = 20.000 IEIC,
12 47 YIM = 19.000 ISIC.

10 AT TR = 30.000 MSEC. DELMAX s 0. 014087 SCALE -

31.000 MSEC. TH,WR,JPTS MY

4.748

10 AT TIME = 31.000 MSIC.

7.30¢

1

6.842  8.400

32.000 WSEC, ¥, 7R, TPIS M-

.8

i

7.3

18 )

1

i 1
N

DILMAX = 0.010088

SCUT »

DELMAL = 0.012¢61 SCALY »

T
n

5.5712 10.070

1 1
(M

DELMAT = 0.021341 SCALE »

LI )]

el

n

6.047 0.400 5.000 0.200 10.920

10 AT TIME » 32.000 MGEC, DELMAX = 0.010547 SCALE »

33.000 WSEC. ¥H,FB OPYS M-

1748

10 47 TIME » 33.000 ISIC. DELMAX = 0.036770 SCALD »

7.30¢

18 u

1

| 1
(M

u

0.847 6.400 S5.000 [1.186

34.000 WSEC. FE.PBPPYS WY»

.48

10 0T TE « 34.000 USEC. DELMAL » 0.04101) SCALE »

"

7.394

18 ]|

1

] 2
3

U

n

0.012 6.4080 5.0006 0.200 10.008

35,000 ISEC. ¥T,00,9P18 MY

.14

1.3

1

1 3
1

.01 6.t08 S5.218 11.038

1
n

1

10 47 TIME « 35.000 MSHC. DELMAL « 0.03133] SCALE «

30.000 ¥SEC. §E, WY JPIS MY

(]} ]

10 AY TI08 « 30.000 ¥SIC.

1.304

10 47 TIE »

10 47 TIME =

10 47 TR »

10 AT T/IK »

1047 2K »

10 42 718 »

2

| ]
LM

’
N

181
n

M7 0.198 11310

37.000 ISEC. DELMAX = 0.01%84

38.000 ISEC. DELMAL = 0.0111S5:

39.000 I5EC. DOELMAK » 0.014390

40.000 MSEC. ORLMAX + .0.00780

41,000 MSEC. DELEAT « 0.01508

13,000 ISEC. DELMAX = 0.01700!

43,000 ¥SIC. WE, N, UPYS NY-

1.748

"

7.304

18 |
0.8 8.400

1

| 1
N
1910 11302

\

0

S

1
LY

5CALE »
oy »
SCALE »
SCiLE »
SCULE »
SCALE »
SCALL =

18t
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1000000
1000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000
1.000000
1.000000
1.000000
1,000000
1.000000

1.000000




RPYURD 1760 « 10 AT TIMR o 43.000 ISEC. DELMAL = 0.053120 SCALE  1,000000
HBPLAY TIME »  44.000 WSEC. YE NS EFPYS NT- 1 1 (L]}

nil- 13 1] 18 U n n u n

" - LU0 T30 0.042 8.408 4408 0.075 11.681

BPYURD ITER « 10 AT THR = 44.000 MSEC. DELMAX « 0.013932 SCALE » 1.000000
BPYORD ITER « 10 AT TOMK o (5.000 MSEC. DELMAX « 0.01287¢ SCALE » 1.000000
EBILAY TINE = 48.000 MSEC. JU, DS UPIS N+ ) 3 L]

AN 13 18 ] 1 M n 7

s s 13,143 6.842  6.400 4.408 0.055 1l1.701

HPIURS ITER = 10 AT YIME » 46.000 MSEC. DELMAL = 0.014891 SCALE » 1.000000
HBPLAT T1IK 7,400 XG5C, FU,UB,JPTS WY | LI [ [ A

BL(l)s l 3 { H] [ [} 0 18 H 12
B $.528 15T 3779 2,557 2.650 3.388 1.1 1.040 4738
HPTURS 1750 » 10 AT TIMEK o 47.000 MSEC. DELMAI » 0.018982 SCALE » 1.000000
HBPLAT YIME » 48,000 WSEC. VB, N, FPTS WY« \ ] LS L}

Ll 13 18 1l n ] n

By s 1243 8,847 6.908 4.5M 1).718

HPTURS ITER « 10 AT TIMK » 48.000 MSEC. OELMAT « 0.084777 SCALR » 1.000000
RBPLAY TIME = §9.000 \SEC. BN, NPTS NT: | ] T M

LTI 13 18 b} ] t u n

B3 - 12,143 8,840 6.4 4101 O.045 J2.015

BPTORB ITER « 10 AT TIME o 49.000 WSEC. DELMAY = 0.010077 SCALE = 1.000000
EPTURS 1TER « 10 AT TIME « 50,000 MSEC. DELMAX = 0.010283 SCALE = 1.000000
RPYURD ITER « 10 AT YIMK » 51.000 MSEC. OELMAT = 0.012303 SCALE ¢ 1.000000
EBPLAT TIME « 52,000 MSIC. FU.NB NPT NY» } ? s 18l

il 13 18 1l 1 n n

. B 12,143 0,842 6.408  4.222 12,000

EPTORB 1TED « 10 AY YIME » $2.000 MSEC. OELMAX = 0055553 SCALE = 1.000000
HPTURB JT6R = 10 AT TIME « 53,000 ASEC. ODELMAX = 0.035467 SCALE « 1.000000
HDPLAT P10 » 5¢.000 MSIC. FE,ED,OPTS FY= | | 10

LARIL 1 3 L] 3 8 J 9 10 1
B3 5,520 L.STH 5.7 2.5%7 2.050 3.8 1187 0.878
GPTURB ITER « 10 4T TIME s 54.000 MSEC. DELMAL « 0.024207 SCALE = 1.000000
BPYURD 172D « 10 AT TIME « 55.000 MSIC. DELMAX = 0.015078 SCALE = 1.000000
BPTURD ITER « 10 4T TIME » 50.000 MSEC. DELMAI = 0.011488 SCALR « 1.000000
EBPLAY TIME »  $7.000 MSIC. WR, WD NPTS MY: | ? T

i 13 18 1] 1 n n Hl
0’ 12,143 1,087 4055 0.408 J3.880 12.012
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HPTURD 1988 =« 10 AT 1K « 57.000 IBIC.
EBPLAT 71\ »
. 13 18 1 0
L1 I 1.4 1,887 L.817

HPTURB [YER » 10 AT TIME = 58.000 XSIC.

3.1

DILMAX « 0,385300 SCALR = 0.250532

$8.000 ISEC. WE,UB ¥PTS WY |

i

i n

§.400 3000 12.3Mm

DELMAL = 0.4436%8 SCALK = 0.225309

HBPLAY TIME = $9.000 MSEC, ¥I,¥8,FP15S FY» 1 ] ¢ 18

il A 10 18 19 20 L1 ] u

By e 7.680  €.253 1.88T L.8I7 3130 4408 3o .M

APTURB ITER = 10 4Y TIME = 50.000 MSEC. DELMAX « 0,05200) SCALR = 1.000000

HBPLAY YIME «  80.000 MSEC. DR, N, NPTS UT: | ] LI )]

il M 18 19 0 H u '

B 12143 1,887 1.017 3.139  8.408  4.080 13.185

APTUR ITER « 10 AT YIME = 40.000 MSEC. DELMAY = 0.057008 SCALR « 1.000000

HBPLAT TIM€ «  61.000 MSKC. WH N WPTS HT: 1 1 LA ]

i) IM 18 10 1 1 1

BB » 1143 3,703 3.130  0.408 4.156 12.008

HPTURD ITER » 10 AT YIME « 01.000 MSEC. DRLMAI = 0.015872 SCALE » 1.000000

#PTURS {722 » 10 AT TIUE » €2.000 MSEC. DELMAX « 0.022130 SCALR » 1.000000

HPYURB ITER = 10 AT 1M = 53.000 MSEC. DELMAX » 0.0)5337 SCALR « 1.000000

HBPLAY TIME = 88.000 MSEC. ¥E,NB, WPTS MY | 1 ¢ 1

ni)e 13 1] 2 1 n

-1 1.4 3703 3130 0.406 16.2%2

HPYURB ITER = 10 AT YIME » £4.000 MGEC. DELMAX = 0.011087 SCALY = 1.000000

HBPLAY TIME «  68.000 SIC. TH,NB BPTS NTe | 1 10

i) } 3 ‘ § [ ] 12

88 » 5.526 1574 3779 1.557 .65 3.388  7.08%

EPTURD ITER = 10 AT TIME »+ 07.000 MSEC. DELMAX o 0.011053 SCALE = 1.000000

RPTURE [TEQ = 10 4T TI0E = 40.000 MSIC. DELMAL « 0.01345¢ SCALR = 1.000000

DIFY CORY. PIST 72,000 § AN VEL 22.55 0.26520-02 0.11762-03 0.10008-03 0.10008-03 0.10008-03
TEST FAILED AY TIME = 0.072000 POR B »  0.001000

DINY CONV. YEST  73.000 § ABO VL 2380 . 0.3634E-07 0.15101-03 9.10001-03 0.10008-03 0.10002-03
TEST FAILED AY TIME = 0.073000 POR B+ 0.001000

DIFY CONV. TESY  74.000 T ARMOVIL 20.1) 0.30308-02 0.11648-03 0.10008-03 0.10008-03 0.10001-03
TEST FAILED AT TIME = 0.074000 FOR B =  0.001000
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WAIEYD FUKCTIONS FOS TIME=  80.000 ¥SEC 71 S
() (LOCAL} . (Locat)
ABGULAR ROTAYION (DEG} ABQULAR VELOCITY (RAD/SEC.) ANGULAR ACCELERATION (RAD/SEC.002)

S.REN ue 40} BOLL 1 1 4 ¢ ! l

1LY 10.9078  40.4816  -1.5107 -3.50101 8.77176 3.01101 -712.525841  -923.312218  -344.808208
70 5.0048 5.3877  -35.0020 -20.78011 38,1360  26.32113 2660.023703  4863.705052  714.430120
ym 27.0003  10.1070 4.2073 -4.55008 -0.3312 1118470 -833.100010  -740.538143 24.730107
¢ 1 g -20.0218 9.0212 3.10468  -11.104% 1160142 -474.520200 -2350.202268  525.451047
s <14.7037  -02.0894  29.6482 16.0083%  -58.3388) 0.84800 321.900008  -351.050920  252.235050
i ti.olee 100.4701 10.573 -0.20043  -3.90123  -2.B8110 -82.700870  -180.201703 08.0120%7
LA 1P -1,0078  53.00890  -3.2440 -1.05482 515704 -1.6007 122157125 -80.117047 19.21281)
[ 1 -1 1480433 1.4 3.4103¢ 1.03537  -1.56%981 -02.205030  747.007781  -23.910550
¢ 4.3088  101.7907 4.4080 -0.37100 LML 0.4 -300.200121  -679.056831  $28.202070
10 LLL -0.9280 45.0497  -1.7961 -0.575060 5.97788 0.00305 ne. 90N -4.500400  520.7708)¢
1w -0.5610  155.0098 1.6050 119139 0.13205  -0.50880 <177.920404  1200.576330  198.025307
17 10 ~75.0050  70.5857 -80.203) -6.23121 LML -1.6NS4 244307026 -3281.631801  -188.345470
13 1A ~21.0534  Sl.2884  -31.0271 -0.100%8 1.31108 1.70408 113.635226  2407.822114  -303.1008¢0
1w <17.0558  62.4794  -23.300) -3.95505  -0.0012) 5.40100 322.014088 -2038.101300  680.201217
15 L ~10.0460 603973 -2).774 -1.73081  -15.2508) §.51354 441700340 4146746550 916.811015
18 VER 0.0000 0.0000 0.0000 0.00000 0.00000 0.00000 0.000000 .000008 0.000000

(1L (19nIAL) {IMERTIAL}
LINEAD POSITION ( 1N} LINTAR VELOCITY ( IN./SKC.) LINEAR ACCILERAYIONS (0'S)

SECMENY I 1 4 I 1 2 1 ! ?

1 .0 m 0.0702  -13.039% -334.05671  -2.02128 -92.21IM2 1. 118438 341075 -2.HIM
10 392710 -1.5083  -17.2007 -403.00537  -63.30301  -30.5%108 «7.411008 0.308303  -213.1413%
3y 1.5803  -1.TI00 -24.7057 -309.20403 -1S.11128  -20.63M41 ~8.535008 J.40048¢  -20.077352
‘1 -0.484)  -2.8041  -33.1882 -310.40157 -121.90500  -30.84033 16.000001 -4.001500 -22.000012
s 1 4.0888  -1.0002 -36.0084 <176.47710  -00.83431  287.001M2 -20.250214  -10.703850 .13
L 1 13.401) 3.3050  -14.9302 =345.07017  -4.32318  -50.00004 2,000520 -1.080708  -14.02%632
1 b 20.0139 3.0383  -12.6201 -300.76310  12.04208 -73.108%0 3.083938 0.830004 6.154302
s I 39.4088 o -8 u%s -250.02278  23.08000 -IN.00M4 0.173190 0801748 -0.015180
[ 2% 15,0041 -3.3408  -14.0210 -314.00500 205212 -00.2%039 8374560 3.080200 -3.334002
10 Lk 20,794 -3.302¢  -12.0814 37841100 10.63011  -87.303M 9.150247 08.470080 15.50811
It uf 302700 -3.3110 -7.6097 -244.03301  11.600%2  -92.38042 1.808846 0.104379 1.561047
12 108 3.5 3,402 -20.0M0 ~476.00852 -109.6iTI8 -32.04897 -2.043843 0.750738 0.500870
13 i 15.1710 5.0088  -24.3500 -470.54008  -25.03050  -40.34073 2.118017 305002 9.08%022
14 LOA 7.1005  -8.0308 -27.0971 -202,30960  -70.35086 -19.72059 -9.173676 1.088380 27,0500
15 LLA 102504 -0.300¢ -21.08M4 -343.00700  -23.80100  71.087%2 11,1000 -20.320510  -13.311190
18 VEW 12,3348 0.0000 0.0000 -308.87040 0.00000 0.00000 0.000000 0.000000 0.000000
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SLqErr
Lr
cr
mn

i
L
¥y

L
LLL
Lr

204
iLd
LA
LLA

W =l AN e L BD e

P e - ©

Jormy

A 2 DA s B e

(LFERTIAL)

UL ARBAY ( 10./SEC.092)
RITERNAL LINEAR ACCELERATIONS

(LocaL)
07 ARB4Y (R4D/SEC.582)
CITEREAL ANGULAR ACCELIRATIONS

I 1 2 1 ! 2
-0.30090003 015500402 -0.20980405  -0.80308D+03 -0.279270+04 -0.22971040
0.2506D+03 -0,52200003 0020403 0.884200404 0.830180004 0.71444D003
-0.88040+03 -0.24300003 0.44190003  -0.890200+03 -0, 154350403 0.108130+03
0.00000100 0.00000000 0.3881003  -0.26984D+04 0.1041IDIOS 0.525450403
0.00000000 0,00000100 0.38810+03  -0.381250+03 0.978550+03 0.352230+03
0.12440003 -0.77010000 0.54200002  -0.33039D101 0.52884D103 -0.,10354D10)
0.00000000 0.0000D000 0.38910+03  -0.82476D401 -0.244130003 0. 155000+03
0.00000+00 000000000 0.38610+03  -0.180320%03 0.111300+04 -0.75800D40)
-0.12710004 0.24720008 0.20450004  -0.708530+03 -0.13076D+04 -0.310010+03
0.00000100 0.00000000 0.38810403  -0.804880+01 -0.173820403 -0. 140220003
0.00000000 0.00000000 0.38810+03  -0.20060003 0817010403 -0.772140+03
0.00000000 0,00000+00 ©.38810+0  -0.444830+02 -0.7007TD004 0.704930103
-0.80030+07 -0. 4004001 077010403 0.31209D002 0.34041D04 -0.873710402
0.00000+00 0.00000+00 0.3881D03  -0.16398D003 -0.90773D003 0.56251D+03
-0.9500404 -0.7118D404 -0. 37490004 0.202750+04 0.700980+04 0.124760+04

(L) (I

JOINT FORCES ( 18.) JOINY TONQUES ( 18, L.}
1 1 1 2 1 1 :
0 -0.478D03 0.1580+03 -0.1200408  0.14370+08 0.1730D004 -0.4508D403
0 -0.3730003 0.134D003 -0.9190+03  -0.2162000 -0.05640003 0.7903D+03
O -0.2000003 -0,144D003 0.014DI0)  -0.71760403 0.5526D003 0.5485D103
O -0.3000603 -0.128000) 0.0510002  -0.80350403 0.20720103 0.4001D03
0 09800107 -0.3714D+0 -0.276003  0.13400+01 0.60420403 0.1098D003
i 5.3030002 0.7310001 0.4630002  -0.98200481 -0.73770002 9.42080002
0 0.3600000 0.1250401 -0.308D001  0.80570+91 0.45030:02 0,80020+0)
0 03100063 0.1740401 -0.1080003  -0.10430:02 9.50000+02 0.2195D102
I 0.990D003 0.6380402 0.1230003  -0.17300403 -0.49560+02 9.23850003
0 0.0580001 8.3470000 01170001 0.86970+01 0.33330+02 0.3159D001
0 0.1230403 0.800D+02 0.7700+02  0.33200+02 -0.30630:07 9.24930402
i 0380003 0.334D+03 0.4050007  -G.53870+02 0.1000DI0N -0.43210003
0 0163000 0.3780400 8.134D003  -0.7898D401 -0.57820+02 .3755D03
I 0.2140+03 -0.1120402 -0.1530+02  -0.18000+03 0.14400+03 0.2089D003

196

FaGE

1IYIC ENEROY
(L8.- 18)

ABOULAR T0TAL

LINEAR
0.546700+04
0.340460004
0.12314D+0§
0.507330¢03
0.24104D+04
0.302670¢04
0.123550004
0.231050+03
0.303650+04
0.103490+04¢
0.18¢04D003
0.14071D¢04
0. 143700404
0.623710+03  0.114780+01 0.02388D10)
0.047120003  0.403100402 0.08744D+0)
T0T4L BODY XIVETIC EWEROY
0.363680105 0.154540004 0.37913D+0%

0.413080D+02
0.942500403
0.28218D403
0.330000+01
0.563650+03
0.165670+02
0.220310402
0.277430400
0.113620+02
0.80084D+01
0.007080-01
0.481510001
0.685030+01

0.542000+04
0.288200+04
0.120320+08
0.504020+03
0.18487D404
0.381220204
0121340004
0.231870+0)
0.302510+0¢4
0.102590404
0.184870+03
0.140220004
0.143120+04

RELATITE ABQULAR
VELOCITY (RAD/SEC.)

47 900
63.480
4.653
40.641
1n.no
13.004
8104
10.800
.30
8.037
9.125
5.353
12112
15.250

b{]
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Datl:
300 DESCAIPTION:

VERICLD "7 SLERATION:

CLASB VICTIN:
POIR (
H
11E
(MSEC) 1
0.000 -0.020
1.000 -0.014
1.000 -0.007
5.000 +0.008
8.000 -0.019
10.000 -0.081
12.000 -0.001
14.000 -0.009
19.000 -0.102
18.000 010
10.000 -0.1%
12.000 -0.197
24.000 -0.382
26.000 -0.300
28.000 -0.357
30.000 -0.438
32.000 -1.733
34.000 -2.188
36.000 BRI}
38.000 -4.178
10.000 =510
42.000 -6.838

44,000 RN
46.000 -160.621
48.000 -21.53%
50.000 -41.704
51.00% -48.087
$4.000 -59.508
56.000 -80.433
58.000 1.0
§0.000 -93.012
62.000 -30.308
0¢.000 -13.418
89.00¢ 2.807
68,000 1.1
70.000 12.017

71.000 8.827
74,000 3.30
76.000 -1.984
78,000 -4.104
80.000 -9.708

1 5er1 1908

TIAN0LE 1; BASIC SLED TEST SIMOLATION

T%0 BELY NARVESS WITH JTYPERELLIPSOID FOR DASH BOARD
BLED ACCELERATION - 200 PIAX

9578 PRBCENYILE WALE
P0IBT TOTAL ACCELERATION (0'S)
0.00, 0.00, 0.00) OF POINY [ 0.00, 0.00, 0.00} OF
SOEr B0, 3- I staent K. -5 - 1
Iy U REFERENCE ACCELEROMETER (10)
1 13 LLH] I 1 1 s
0.000 -0.082  0.084 -0.360  0.000 0.800  0.020
0.000 -0.107  0.108 -0.260  0.000  0.805  0.90)
0.000 -0.17¢ 0170 -0.25¢  0.000  0.793  0.8M
-0.003 -0.20  0.307 -0.200  6.000 0725 0.
~0.012 0314 0018 -0.308 -0.003 Q.85 0.725
-0.077  -0.388 0.30) -0.379  -0.005  0.586  0.608
-0.032  -0.484 04T -0.475  -0.000  0.507  0.695
-0.023  -0.547  0.550 -0.487 -0.006 0.425 0.046
-0.020 -0.02) 0.08 -0.508  -0.007 0.348  0.814
-0.005 -0.719 0,727 -0.510 -0.003 0.25) 0.5%0
0,001 -¢.791  0.802 -0.515 -0.002 0.180 0.55%
-0.018 -0.854  0.878 -0.551  -0.00%  0.110 0.5
-0.00) -3 LN -0.667  -0.179  -0.32 0707
<0112 -1.296  1.358 -0.685 -0.231 0.3 0.7M
0.556 -1.188 .30 -0.002 -0.014 -0.181 0.703
0.810 -~1.240 .59 -0.707  0.035 -0.356  0.%48
-0.835  -0.481  2.805 -l -0.218 0578 L
-0.420  -p.405  2.20) -1.208  -0.218 0.8  1.307
-0.47¢ -0.313 3108 S1.480 0353 0849 i.743
-0.580 1.2 4.0 <1843 0709 0333 L.070
0.36¢ -1.2%0 5200 -3.00¢  -0.530 0.38¢ 2.092
131 -8 LI -1.388  -0.5¢3 -0.300 147
SINY O 0.030 1480 00T -l Yl 5.7
-1.760  -0.518 16101 4319 -1L01S 3.4 5.080
0.777  0.032 121.5%8 -4l -0.608  3.515  7.088
-14.755  0.487 44707 8,303 -3.208 18145 20.202
-1.750 0.800  48.83) -8.8% -3.015 4190 25.844
10177 14147 63.807 11972 2812 40.7715 42.589
-15.421 13.477 83,008 S11.70)  -1.843 48,226 (9710
-17.978  -1.410 5.8 -11.030 L0180 (5.094 48871
-15.085  14.009 ©8.382 -10.007 LAY 04020 65.7)8
S5y -8 0.2 -0.458  0.385 50,073 %0.78)
ST -10.799 17,928 -4.085 0413 3.010 S
-1.587 -20.041 20,408 4.3 -0.97) 17130 11719
-3.077 -20.35) 3.0 -0.574 -2.288 10559 11847
-4 430 -21.755 30891 -0.900 -7 11812 13.99)
-1.877 -20.33%  1.0U S5 M2 -238 12870 1).078
S1.720 <3448 32084 -5.600  -2.450 13.602 15.211

[.218 -32.7017 32.861 -8.355 -850 23.202 2201

3.348 -30.007 M4 -5.750  -2.7101 28450 17.115

(008 -21.516 12.001 -3.903 -S4 3157 31AM

198

poim ¢
H

-0.047
-0.081
-0.087
-0.093
-0.14¢
-0.23)
-0.34
-0.375
-0.411
-0.431
-0.408
-0.500
-0.71
-0.199
-0.705
-0.7102
-1.108
-1.02%
-1.2%2
-1.700
-1.807
SR
m
-3.63)
-m
-5.470
-5.084
8.4
-9.708
-12.59)
-10.338
-16.781
-13.961
-9.970
-10.387
-1.004
-11.519
-13.301
-19.658
-24.29%
-29.2%6

Paot

Paag: 21.01
0.00, 0.00, 0.0C) OF

O’ 5- ¢t

I8 VER REFERFEC
1 z RES
0.000 -0.073 0087
0.000 -0.008 01l
0.000 -0.108 0.8}
0.000 -0.232  0.7%
-6.007 -0.289  0.323
-0.005 0.3 0.44)
-0.008 -0.308  0.525
-0.008 041 0.004
-0.007  -0.544 0 687
-0.003  -0.835 0.
-9.002 -0.700 0844
-0.008 -0.750  0.911
0170 1179 1008
-0.231 -4 1M
-0.014 -l.010  1.23
0.035 -1.087 1307
-0.220 -0.100  11WY
-0.210  -0.076 1,051
-0.357 015 L3
-0.710  -0.467  1.00)
-0.533  -0.207  1.99)
-0.5¢0  -0.085  2.8%0
-1.300  y.em 5.0%
-1 3928 it
0.4 5000 82U
3858 130 103N
-3.008 20033 .M
6,040 40,403 41.015
-6.870  47.008 .1V
-0.010 43,310 45917
-5.518 82,414 84792
-5.740 48.58%  D.648
-3 J0.s1L e
-3.580 13,100 10.970
-3.098  5.108 12195
-850 093 1381
-4.865 5173 1.
-5.108 €223 1807
-7.488 8458 27.00)
900 111y 26.0M
-10.70¢ 0136 N.197
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b1} B
BUT DLSCRIPTION:

YERICLE DECILERATION:

1 5IPY 1988
LINELE 1;

BASIC SLED TESY STWULATION

130 BELY BARNESS ¥I19 BYPERELLIPSOID FOR DASE BOARD

POINY REL. VELOCITY ( 1D./58C.)

CIASA YICTIM:  95TH PERCENTILE MALK
porrr { 0.00, 0.00, 0.00) OV
sEoMrt 30. 3 - 07
1Ne I VER GEFERENCK
(MSEC) I 1 4 | M
0.000 0.000 0000 0.000 0.000
1.000 0.357 0.000 -0.084 0.382
4.000 1,482 0.000 -0.189  1.49)
§.000 3.368  -0.002 -0.310  3.IM
8.000 6.010 -0.010 -0.53¢ 4.03¢
10.000 9.392  -0.024 -0.792 9.42%
12.000 13.500  -0.048 -..008 1).548
14.000 19.360  -0.073  -).402 18.418
18,000 73.968  -0.008 -1.885 24.060
18.000 J0.318  -0.118 -2.380 0N
20.000 N8 -0.138  -2.913 31.5%
12.000 15950 -0.173  -3.495  45.380
24.000 53,020 -0.212 -4.417  53.808
0.000 62.779  -0.204 -5.297 83.002
18.000 72.700  -0.178  -8.137 72.008
30.000 83.400  0.352 -0.015 03.600
31.000 pe.080 0535 -7.240 9¢.300
34,000 100,800  0.0m  -7.234 105.138
30.000 116,510 -0.408 -7.217 110.7%7
38 000 127722 <100 -7.002 127.623
10.000 130,233 -1.200  -0.M5 130.400
41.000 149.450  -0.660 -8.470 149.502
44,000 155.812  -0.836 -4.740 155.807
16.000 157,720 -).088 -1.115 157.75¢
48.000 150,008  -4.584  3.01) 158.21)
50.000 141,126 -13.042  16.832 142.008
51.000 122,105 26417 32.206 120.719
54.000 94373 38751 54324 118.538
56.000 0).040 -52.030 74.3(1 104.008
58.000 17.9)7 -68.081  90.258 123.804
€0.000 -49.765 -69.387 132.584 167.178
82.000 -77.547 -100.219 145.352 193.35%
84.000 -88.010 -107.303 145.030 201.303
66.000 -87.056 -100.588 135.438 104.758
68.000 -81.208 -110.82¢ 115,623 179.570
70.000 -73.048 -112.242  90.487 161,084
72.000 -88.108 -113.510  88.202 148.910
74.000 -07.903 -110.780  45.140 140,786
78,8090 74,322 -116.051  20.340 130107
13.000 -03.508 -118.413  -2.640 143.291
80.000 -00. 414 -5, 111 -20.031 147,820

SLED ACCELERATION - 200 PEAK

0.000
0.340
1.483
3.9
5.044
9.21%
13.208
18,037
13.520
20.161
8.0
wm
52.014
01.919
71.19)
82,451
(AR
105.604
118,233
131,308
145.087
158.571
170.774
181.678
191.901
190730
08.070
M
213,107
314,085
109.550
103,608
109,040
108,207
103.532
109.212
183,289
177,000
168,508
150.797

poier { 0.00, 0.00, 0.00) O
sy 0. 5- 1
10 i3 REFIRIKE
! [ | 1N
0.000 0.000 0.000
0.000 -0.062 0355
0.000 -0.183 1.47
0.000 -0.320 337
-0.002 -0.519 s.087
-0.005  -0.704  0.307
-0.010  -1.008  13.3¥
-0.016  -1.380 10,000
-0.022  -1.707  23.503
-0.028  -2.330 29.848
-0.034  -2.75¢  20.851
-0.043  -5.317 4.0
-0.157  -4.275  92.08)
-0.307  -6.000 $3.120
-0.419  -5.907 72,007
-0.308  -6.060 82.721
-0.423 -6 0007
-0.633  -7.308 105.85¢
-0.08¢ -7.49% 110.4T4
1A -1.573 DLSH
-1.867  -T.440 145,200
-2.237  -1.528 150,785
.72 -8.337 170013
-5.107  -3.283 161.743
-4.378  0.957 191,053
-6.638  13.457 200.301
-0.011 20.910 209.017
-12.280  50.071 310976
-10.371 811 32,8000
~11.715 120.808 319,767
-75.037 160.608 270.875
-30.570 200.855 1203.080
30244 236403 312451
-37.048 254073 323.11
-39.008 201,153 317.480
-43.170 284.497 320.081
-40.477 208.206 328.1%0
-50.470 271.956 328,435
-55.141 278,104 327,108
-81.731 281.250 325.049
-09.831 297,803 32).589

130.303

199

Pacy

paae: 22.01
POINY ( 0,00, 0.00, 0.00) OF
SEQMENY 90 6 -
i1 UT REFERSNCE

1 1 1 BES
0.000 0.000 0.000 0.000
-0.000  0.000 0.000  0.008
-0.020  0.000  0.000 0.0%0
-0.037  0.002 0.000 0.037
-0.087  0.008  0.000 0.008
-0.120  0.010 0,000 0.1%1
-0.310  0.038 0,000 0.7
-0.3327  0.057  0.000 0.338
-0.452  0.07¢  -0.000  0.458
-0.572  0.000 -0.001 0.570
-0.007 0104 -0.001 0.7
-0.708  0.130 -0.001  0.008
-0.832  0.08% -0.001 0.83
-0.885  -0.002  0.003  0.B85
-0.045 -0.242 0010 0.97%
-0.086  -0.740 00190 1.238
-0,370  -0.057 0.000 1029
0.7110 -0.706  0.097  1.008
1121 -0.585  0.107 1830
3.500 0470 0404 3640
S840 o.M 0720 5.9W
9.079 -1.085 1,215 9318
14.855  -2.100 2,198 15.16)
25,800 -1.112 408 .00
38,300 -0.782  4.503 )5.077
$7.525  5.185 11.814  %9.103
82.311 11320 21,803 05.900
112.187  18.980 31.270 110.701
HEITE 23,877 S0.309 1%4.873
170,080 26.531 80244 193.048
238,362 28.011 120.360 268.501
52.303  25.208 154,000 206084
200382 10.440 103,055 310.304
237429 1).587 207.586 M15.673
220.628  9.356 230.083 3i18.801
200.518  6.748 252,901 )21.808)
100,486 4.619 73040 328045
167,000 1.761 205.64¢ 340.002
156,313 -2.407 320,207 350.408
143,815 -8.088 N3.115 Y1245
126,450 -10.918 360,088 382.017

n




1) (H
RUF DESCRIPTIUL:

VEBICLE DECELERATION:

1 5IPY 1088
EIeLE |

BASIC SLED TRST BIWLATION
190 BELY HARNESS WI1T¥ SYPERELLi?SOID FOB DASH BOARD
SLED CCELERATION - 200 PEAX

CRASH PICTIN: 9518 PERCENTILE MALE
poINT { 0.00, 0.00, 0.00) OF
SEGMENT NO. 3 - DY

T 11 VE8 REFERKKCE
(WSEC) I 1 z 1S
0.000 11,316 0.000 -26.038 120.217
2.000 1314 0.000 -26.938 26.218
4.000 11,318 9.000 -20.938 120.218
8.000 11,320 0.000 -20.030 20.221
8.000 11,330 0.000 -26.040 20,223
16,000 11,345 0.000 -26.941 20.232
"7.000 11,360 0.000 -26.043 29.20)
14.000 11,400 0.000 -36.945 20,257
16.000 1,442 0,000 -26.040 20.21M
18.000 11,406 -0.001 -26.953 20.302
20.000 11.50¢  -0.001 -26.958 20.3M
12.000 11646 -0.001 -20.065 20.372
24,000 1TSS -0.001 -20.972 20.410
26.000 t1.881 -0.002 -20.902 20.4%
18,000 11,006  -0.005 -20.004 20.9%0
30.000 12,152 -0.003 -27.007 29.81%
31.000 13,330 -0.001 -27.021 20.701
34.000 12.529  -0.00) -27.038 29.798
36.000 12,50  -0.001 -27.050 20.90%
38.000 12,995 -0.003 -27,065 30,023
40.000 13.267  -0.005 -27.07% 30.1%2
41,000 13.551  -0.007 -27.092 0.0
44.000 13.857  -0.007 -27.10¢ 30.44t
16.090 T -o.en -27.110 30.500
18,000 14486 -0.019 -27.107 0.73%
50.000 14780 -0.037 -27.087 30.059
91.000 15.048  -0.075 -27.030 30.04¢
54.000 15.266 -0.138 -28.953 30.978
50.000 15.42¢  -0.230 -20.871 30.940
58.000 15,520 -0.349 -26.64) J0.8M
060.000 15,403 -0.507 -26.413  30.62¢
62.000 15,301 -0.600 -20.130 30.319
6¢.000 15,193 -0.000 -25.837 20.007
86.000 15.017  -1.128 -235.55¢ 20,601
68.000 14.8¢8  -1.3¢7 -2%.302 26.300
70.000 14,003 -1.580 -25.008 129.12)
12.000 14.552 -1.705 -3.038 20,020
74.000 LI -2.02¢ 20,824 28,770
76.000 1.275 2,256 -24.750  29.008
78.000 1,018 -2.487 -.T4D 28.508
80.000 13,000 2710 24788 28.551

POLEY REL. LIYEAR DISPLACEMENY ( IB.)

pole ( 0.00, 0.00, 0.00) O
SIGERT K. 5 - &
I VER REIFERENCE

1 1 4 us
7.175  0.000 -41.833 €1.%50
1.1 0,000 -4i.833 412.5%
.17 0.000 -41.8M  42.55¢0
7.182  0.000 -41.834 (1.957
7.791 0,000 -41.839  42.5%¢
7.808  0.000 -41.836 42.5%
7.628  0.000 -41.838 42.564
1.800  0.000 -41.840 (2.572
7.901  0.000 -41.844 42.56
7050 0.000 -41.848 42.307
0.021  0.000 -41.85) 42.0M
8.102  0.000 -41.850 42.038
8.100  0.000 -4i.888 d2.081
.31 -0.001 -41.078  42.00)
ST -0.002 -41.007 42.7%0
0.80)  -0.003 -41.89090 42.77)
077 0,003 -41.013 42822
8977 -0.000 -41.028 {2.878
9.200 -0.008 -41.043 42,040
9.450 -0.000 -41.058 43.000
9.728  -0.010 -41.073  43.085
10,030 -0.016 -41.080 43.100
10,360  -0.021 -42.002 ¢3.20)
10712 -0.027 -42.012 43.3%0
1,086 -0.035 -42.014 43.452
1.470 -0.048 -42.00)  43.54)
11.88¢  -0.062 -4).058 43.008
12,302 -0.083 -41.873 £3.843
11,117 -0.01F -41.726 45014
13,156 -0.140 -41.507 43.543
13.57¢  -0.197 -4L.21¢  €3.3M
13.093  -0.253 -40.832 43.184
14.308  -0.018 -{0.382 (1.872
14,790 --0.300 -30.887 42.583
15.100  -0.408 -30.371 41199
15,563  -0.549 -38.845  41.051
15038 -0.630 -38.313 41.500
16.267  -0.731 -31.1M {118
16,840 -0.842 -37.225 {0.784
16,959 -0.959 -36.087 40.411
17,242 -1.000 -36.008 10.019

200

74GS
har: 213.01
roIgY ( 0.00, 0.00, 0.00) OB
SEOERT K. 5 -
18 M WIEKE
1 1 4 i8S

-6.027  0.000 -18.310 15010
-0.020  0.000 -15.310 I8.310
-0.023  0.000 -15.310 18.)10
-0.023  0.000 -15.310 15310
-0.023  0.000 -15.310 15.310
-0.022  0.000 -i5.210 15310
-0.022  0.000 -15.310 15.310
-0.020  0.000 -15.310 15.310
-0.02¢  0.001 -15.310 15.310
-0.007  0.00) -15.30  15.310
-0.01%  0.00t -15.310 15310
-0.00)  0.002 -)5.310 15.3)0
-0.005  0.00¢ -15.310 15.310
0.003 0.008 -15.310 15310
0.014  0.018 -15.310 15.310
0.027  0.02¢ -15.310 15.310
0060 0.032 -15.310 15.310
0.080 0.042 -15.310 1%.310
0.102  0.058 -15.309 15.00
0.147  0.081 -15.308 15.300
0.208  0.112 -15.308 15.308
0.279  0.140 -15.303 15,308
0.7 0.191 -15.208 15,303
0.400  0.245 -)5.200 15.208
0.850  0.30T -15.213 15.100
0.808 0.380 -15.247 15.276
146 0470 -16.201 15.292
1407 0.561 -15.128 15.212
1.630  0.8¢5 -i15.010 15.148
.40 0704 -14.B38 15,054
2001 0751 14,000 14920
3.548 0,607 -1 MM
4.000  0.585 -13.076 14579
4633 0430 -13.5T0
5,000 0.285 -13.043 14001
§.528  0.131 -12.660 13.81%
5.887 -0.010 -12.144 13.490
6.170  -0.158 -1.84 1N
0.400 -0.281 -11.038 12.767
6.577 -0.302 -10.451 12.35%
8.08¢ -0.401 -9.851 11.015

]




DATE: 2 SEPT 1088 Gt
0¥ DESCRIPYION:  RIAMPLE ): DASIC SLED TESY GIWULATION
T BELY EARNGSS WITH STPERELLIPSOID FOR DUSE BOARD PagL: 24,01
YERICLE DECOLYMTION:  SLED ACCELERAYION - 200 PRAR
CRASE VICTIN:  9STR PRACKNTILE MALR
SECMEFY ADOULAR ACCELERATION (REV/SEC.V42)
SIaET 0. 3 - 07 storr 0. - 8 st w0, 5- 8

il 13 1 MFLIEKCE 17 3 MINKE 10 v REFRUENCE

{(8EC) 1 1 1 s 1  f 1) us 1 1 1 13
0.600 0.000 -0.137 0.000 0.1%? 0.000 -0.185 0.000 0.185 0.000 -0.185 0.000 0.18%
1.000 0.001 -0.043 0,002 0.08) -0.001 -9.052 0.000 0.052 -0.001 -0.0527  0.000 0,08
1.000 0.008 0.040 0.015 0.043 -0.008 -0.087  0.000 0.087 -0.008 -0.087  0.002  0.067
8.000 -0.00¢ 0.7 0.040 0.252 0001 -0.177 -0.001 0.178 0.020 -0.377 -0.005 0.178
8.000 -0.030  0.665 0.120 0.078 0.107 -0.365 -0.003 0.300 0.104  -0.365 -0.027  0.380
10.000 -0.080 1.188 0.277 1.2 0.221 -0.482  0.002 0.5%0 0.215  -0.482 -0.050  0.530
11.000 -0.118  1.611 0.4i6 1.680 0.3 -0.34 o018 0.4 0.328  -0.%60 -0.082 0.4
14.000 -0.083  1.943  0.457  1.007 0.283 -0.730 0.020 0.704 0.203  -0.73% -0.038 0.7
16.000 -0.00T 2400 0635 1.542 0.303 -1.430 0043 1482 0.303 -1.430 -0.020 l.402
19.000 0.000 2569 0.06¢ 1.673 0.1 -1.810 o000 L1817 0.151 -1.610 0.0 1617
20.000 0.037 2973  0.948  3.120 0.100 -2.115  o0.000 2118 0.8 2N 005 LMY
21.000 -0.010  3.607 1.4 3.8 0.M¢ -3.000 0.108 ).108 0.207 -3.004  0.048 ).106
20.000 -5.800 T.15T 4780 1T 7.768  -1.507 0.183 10.688 7.508  -1.307  -1.028 10.060
20.000 -9.018 7450 4950 13.3%3 10.014 0.1 0.309 12.811 9.812 -8.143 2,022 1281
18.000 -1.607  6.831 5.3 8.810 0.731 -1.028  0.450 1.9M4 0.018 -7.920  0.360 1.8
30.000 -2.418 .45 5,000 0.022 LT <0546 0500  0.T0L -1.705  -0.548 1.0t 0T
32.000 -5.518 18500 1216 22,380 0.48] -30.792  0.708 30.00¢ 8.43¢ -10.703  -1.243  0.008
H.000 -5.789 14342 10997 10.9M7 8.085 -20.116 1207 239.5%7 0.008 -20.017  -1.043 0.5\
38.000 -10.238  20.115 12,679 25.087 15.101 -38.011 1455 40,027 15.006 -30.013 -2.121 4007
38.000 17,100 20.801 1703 4L.M8 30.178 -51.830  1.903 £60.008 29.808 -51.820 -5.111 00.008
40.000 -12.600 24.063 16.002 37.182 22.080 -571.722  2.400 81.00) 1.008 -57.737 -2.07% 0L.00)
12.000 -30.400 28,252 20,200 40.11) 21.017 71928 2.6 15.223 21.85¢ -T1.937  -1.441 752D
€4.000 -37.187  50.10% 40.000 81.56% $0.733 -130.088  3.903 1530 $0.21) -138.179  -4.338 NS00
48,000 18,042 31.512  (8.0%9 O1.7TM4 44,055 100,030 5.035 185.301 40,064 -140.008  -5.701 156.30)
18.000 -20.707  -4.030 40.517 45.701 20,155 140038 7.47¢ 192,058 20,678 -150.038  -0.433 192.05%
50.000 -40.385 37,031 81.431 10i.T0¢ 199.703 -302.280 11.208 31100 130,788 -302.255 -10.074 3N.1D0
52.000 20.000  0.4127  T7.480 00.808 $0.070 -320.670 15.401 )32.590 0,017 -370.090  -3.57) 332.508
§4.000 21,075 54,615 169,900 170.711 120.205 430,181  21.648 55.190 120,241 -438.852 -12.223 ¢%5.190
56.000 15.199  12.276 [64.88¢ 167.130 113,182 -428.843  20.209 444. 404 13,279 -420.78%  -0.3% 4WLWi
58.000 -70.850 -73.01% -213.885 1237.03% 205.076 -437.000 38700 415.110 204444 -420.804  3.008 475.117
60.000 213,357 -102.805 320.074 477.804 -54.047 -386.330  30.400 302.208 -50.30¢ -308.003 -0.337 302.208
612.000 00,426 -23.381 27,140 95.430 -10,082 -300.005  42.50) 303.870 <340 <3270 119 0.6
84.000 04,415 -)4.608 -63.205 84.72) -20.108 -183.4810  40.008 169.070 -26.300 -107.2712  10.00% 160.670
80.000 S14.123 -83.000 -141.182 185.048 35.358 -129.808  37.34% 135.9906 20,580 -131.000  20.957 135.998
08.000 <3748 -24.5%8 -70.338 84222 £1.075 -170.067  30.180 201.450 07.795 -100.059  36.984 20).450
70.000 -30.031 -65.178 -38.047 84.020 00068 -106.521 31.717 193.473 €0.035 174,339 ¢7.000 103.473
72.000 -58.153 -115.779 -40.976 135.88¢ 05.468 -70.047 39,303 100.427 34.007 -B8.0385  54.000 108.427
74.000 -73.956 -128.701 -33.03¢ 152.200 T1.790 -104.085  35.913 131427 30.042 116114 52.10 130407
76.000  -108.913 -153.734 -12.238 180.802 05.077 -130.273  35.927 103,308 16.02) -145.500  57.501 183.3%0
76.000  -133.280 152,708  3.154 202787 0080 -120.334 37,007 149.04¢0 31,378 -133.402  58.020 140.840
80.000  -132.608 -117,000  3.038 177.457 $1.230 -35.008  ¢0.143 85.842 <035 -70.727  48.845 05.842
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DATL;
BUD DESCRIPTION:

VREICLE DECELERATION:

2 SEPY 1988

SIAMPLE ):  BASIC SLED Y4ST SIWULATIOR

1% BELY NARNESS WITd EYPERELLIPSOID FOR DASE BOARD
SLED ACCELELAYION - 200 PIAX

CRASE VICTIM: 95T PERCESTILE MALE
SIGMENY 1ML, ABOULAR VELOCITT (REV/SEC.)
SicEmT 0. 3 - W SiEnT . §- 1
ne 10 Yil REFEMENCE 10 i RBFINKE

{¥5EC) 1 1 ) s I 1 2 s
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2.000 0.000 0.000 0000 0.600 0.000 0.000 0.000 0.000
4.000 0.000 9.000 0.000 0.000 0.000 0.000 0.000 0.000
8.000 0.000 0.000 0.000 0.000 0.000 -0.000 0.000 0.00
8.000 0.000 6.001 0.000 0.000 0.000 -0.001 0.000  0.00)
19.000 0.000 0.003 0000 0.003 0.001 -0.000 0000 0.002
12,000 0.000 0.006 9.000 0.000 0.001 -0.003 6.000 0.003
14.000 0.000 0.000 0.003 0.010 0.000  -0.004  0.000 0.004
18.000 0.000 0.01t 0.00¢ 0.01 0.002 -0.008 0.000 0.008
19.000 0.000 0.019 0.005 0.010 0.00 -0.009 0.000 0.008
9.000 4.000 0.024 0008 0.0 0.004 -0.013 0000 0.013
12.000 0.000  0.031 Q.000 0.032 0.008 -0.008 ~-0.000 0.010
1¢.000 -0.012  0.044  0.021  0.050 0.006 -0.031 -0.003 0.0)8
16.000 -0.028 0.058 0.03) o.M 0.033 -0.008 -0.007  0.057
18.000 -0.034  0.072 000 0.093 0.040 -0.003 -0.000 0077
30.000 -9.038  0.08% 0035 0.108 0.044  -0.078 -0.007 0.080
32.00¢ -0.037 0112 0095  6.IX 0.005 0014 -0.008 0.12)

34.000 -0.040
38.000 -0.078

38.000 -0 1N
40.000 -0.139
12.000 -0.11
44.000 -0.198
8,000 -0.23%
44.000 -0.319
50.000 -0.341
52,000 -0.192

54.000 -0.059
56.000 0.013
58.000 0.050
60.000 0.038
42.000 0.889

84.000 0.990
64.000 0.9084
48.000 0.901
70.000 0.823
12.000 §.708
74.000 0.602
76.000 0.008
78.000 0.401

80.000 0.35%

0.146  0.102  0.18% p.087 0.1 -0.010 0.187
0.1 0.1 023 0.305 -0.23¢ -0.0l6 0.2%0
0.231 0.1 031} 0.150 -0.331 -0.03% 0.3
0.377 0312 0.7 0.200 -0.430 -0.031 0.4
0,328 0200 0.4%2 0.239 -0.508 -0.05 0.81%
0.400 0.38 0.5 0.189  -0.708 -0.041 0.818
0.504 0480 0.7 0.38% -1.0%6 -0.0%0 1123
0.530 0.567 0.800 0.407  -1.355  -0.080 1.4
0.680 0.1 1.070 0.652 -1.033 -0.002 2.00
0.728  0.003 1.248 0.0% -3.5% -0.110 2.688

0.907 1L.343 1018 1.0m -ar -0.04 3570
1.031  1.708  1.080 1,206 -4.200  -0.100  4.403
0.085 1.7 2.0U4 1500 -S.049  -0.102  5.380
0.350 2.1 1IN 1.585  -6.117 -0.iT0  6.3%1
0.38)  2.28¢  Q.480 1.5 -8.080 -0.180  7.040
0.1 21T 2.4% 1401 -1.200 0111 T.44)
0.240 2.00 2.270 1.7 - -1.581 -0.13¢  T.00¢
0.147  1.88%  1.005 1.5 -7.060 -0.077 8.014
0.080 1.817 1.008 1,708 -8.236 o0.017 8412
-0 LT 1.9 1.82¢ -8.520 0.118 872
0410 17120 1.008 L1019 -8 0127 8.88)
-0.733  LLTIT 1.968) 1.671 -s.000 0328 9.100
-1.10¢ 1763 1.138 2.058 -9.2%  0.US  9.492

1410 181 1347 2008 -0.10 0553 9.0

202

0.000
0.000
0.000
0.000
0.000
0.001
0.001
0.002
0.002
0.003
0.004
0.008
0.017
0.034
0.047
0.0u4
0.045
0.001
0.108
0.150
0.202
0.0
(1Y)
v
0.440
0.0%%
0.85¢
1.07%
1.300
1.588
1.591
1.563
1.512
1.51¢
1.0
1.807
1.97%
1,095
2.2%¢
AN
2,597

PGE: 25.01

st 0. 5 - B
In ¥ MFEKIE

1 1

0.000  0.000
0.000  0.000
0.000  0.000
-0.001  0.000
-0.001  0.000
-0.002  0.000
-0.00)  0.000
-0.004  0.000
-0.006  0.000
-0.000  0.000
-0.013  0.000
-0.018  0.00)
-0.031  0.001
-0.006  0.001
-0.062  0.002
-0.078  0.00)
0.4 0.004
-0.17¢  0.008
-0.238  0.000
0.3 0.0
-0.438  0.017
-0.565  0.022
-0.760  0.020
<1050 0.038
-1.3%%  0.0%1
-1.033  0.060
-2.958  0.09¢6
-S4t 01N
-4.907 018
-5 0.0
-0.100 0.32%
-8.852  0.408
1m bR
-7.50 0.9
-7.82}  0.842
-8 0718
-0.458  0.794
-5.588  0.800
-8.040 098
9.2 101
-9.285  1.000

rice

M

0.000
0.000
0.000
0.001
0.001
0.002
0.00)
0.004
0.008
0.000
0.013
0.019
0.038
0.057
0.077
0.080
0.123
0.187
0.299
0.381
0.481
0.81¢
0.018
1.118
i.428
1.001
1.608
3.578
149
§.300
L]
1.040
1.4
7.608
8.004
8.412
8.1
8.281
9.180
9.0
9.602

A




DATS: 2 5IFPY 1908 nmet N
209 DESCRIPYION:  RIAMPLE ): BASIC SLED YEST SINGLATION
1% BELY BARYESS WITH NYPIRELLIPSOI® FOR DASH DOARD PAGR: 26.01
YERICLE DECELEMATION:  SLED ACCELEDATION - 200 PRAK
CRASE VICTIN: 9578 PERCENYILE MALS

SIGMENT 151, ANGULAD DISPLICEIRNY (DEG)

StOERT 0. 3 - 07 ST 0. S- 0 SIOMNT 0. 5 - &
18 19 YEB BSFRREKCK ¥ TR METERSECE I T Asrmaeact
(¥8KC) us s WLL 4] uy el oLl s w reci LL |1}

0.000 0.000 13,200 0.000 13.280 0.000 13.460  0.000 13.460 0.000 0.180 0.000 0.100
2.000 0.000 15.260 0,000 13.280 0.000 13.480  0.000 13.460 0.000 0.100 0.000 0.100
§.000 0.000 13.200 0.000 13,280 0.000 13.460  0.000 13.460 0.000 0.180 0.000 0.180
6.000 0.000 13,200  0.000 13,200 0.000 13.450  0.000 13.4%9 0.000 0.100 0.000 0.160
8.000 0.000 13.200  0.000 13.200 0.000 13.450  0.000 13.450 0.000 079 0.000 0.I179
10.000 0.001 13.281  0.000 13.281 0.000 13.450  0.000 13.458 -0.000  0.178  0.000 0.178
12.000 0.00) 13.28¢  0.000 13.20¢ 0.000 13.450  0.001 13.450 -0.000 01710 0.001 0.172
14.000 0.003 13200 0.000 13,200 0.000 13.450 0,003 13.4%4 -0.003 0180 0.00) 0.1
16,000 0.005 13.208  0.000 13,208 0.000 13.450  0.003 13.450 -0.005  0.152  0.005  0.1%1
18.000 0.000 13.310 0.000 13.31¢ 0.000 13.445  0.005 13.448 -9.000  0.135  0.007 0.13
20.000 0.012 13,325 0.000 13.328 0.000 13.437  0.000 13.407 <0.011 0.1 0.0 0.018
11.000 0.018 1335 0.001 13N 0,001 13.420 o011 13.420 -0.016  0.001 0.01C 0.08
24.000 0.027 133712 -0.003 13.31 0.001 13.400  0.018 13.400 -0.02%  0.037  0.027 0.052
26.000 0.00 13,400 -0.017 13.400 0.002 13.301 .03 1).302 -0.000 -0.027 0.0 0.070
28.000 0.067 13.456 -0.042 13.458 0.003 1.3 0007 1.3 -0.000 0113 0.1 0.IT9
30.000 0.007 13.513 -0.080 13.513 0.005 13.203  e.t0l 13.208 -0.000 -0.220  0.101  0.308
32.000 0.138  13.582  -0.005 13.583 0.000 13.227 0.137 13128 -9.136  -0.35¢ 0.257  0.455
3.000 0.103 13.07% -0.121 13617 g.o11 131 s 13N -0.170 -0.8%7 &M} 00
36.000 0.265 13.791 -0.175 13.708 0.017 13078 0.237 12.980 0.5 -0.013 0.7 0970
38.000 0.359 13039 -0.30 3.6 0.023 13715 .33 1.1 -0.332  -1.000  0.887 1IN
10.000 0470 14123 -0.338 14136 0.032 13.500 0.408 12.508 -0.443 -1.620 0.000 1.007
12.000 0.017 14301 -0.480 14,384 0.042 12040 0,020 11,156 -0.57 -.190 1220 .M
44.000 0.797 14001 -0.581 14.838 0.0 11.672 0.0 11,700 -0.751 -1.930 (%563 3.0
18.000 1,051 14,035 -0 .07 0.008 11017  1.081 11.067 <1010 -390 2,058 451
18.000 1.363 15318 -0.005 15.4M4 0.002 10.140 1,387 10.240 -1.361  -S.i41 1600 5.002
50.000 1.037 15750 -1.083 15011 0.003  0.075 1.8 0.1W4 -1.080 -0.738 301 .88
52.000 2445 16,265 -1.213 10,515 0.003 7.380 .34 1712 -3.568 0037 6197 100N
54.000 3.200 16853 -1.2M 17347 0.077 St 1.000  6.017 <3400 -115) 5.0 12.004
56.000 £316 11,50 -1.225 18,187 0.024  2.443 .86 (.59 ~4.050 -16.05¢ 0.¢08 16.700
58.000 5.7 18.282 -1.078 19.102 -0.080 -0.056  4.087 4.060 -6.520 -19.021  7.92% 11.188
60.000 1.108 18725 -0.708 20112 -0.283  -5.032 6,043 7.85 4,457 23473 9.510 28.000
62,000 9.010 18.89¢ -0.167 20.077 <055 -0.M3 N0 12.0m 10,700 -20.267 10.003 31.]83
04,000 10.087 10,035  0.506 21.083 -0.077 -14.011  6.405 16.06¢ <13.3%8 -33.558 12201 J0.700
00.000 12.60¢ 10.007  1.380 22.800 -1.407 ~20.130  0.632 122.23% <15.928 -30.000 13770 423
68.000 14.328  19.070 2.120 13,802 -1.012 -35.641 10.99¢ 17.75% ~18.620 -44.470  15.52)  48.050
70.000 15,008 18.08%  1.777  24.5%4 -2.000 -31.383 12610 33.568 21,000 -50.103 17.827  53.060
12.000 17.346  19.800  3.34¢  25.360 -3.870 3133 N5 M2 ~25.350 -55.04) 20.042  £0.003
74.000 18,753 18447 3.808 20.0%e =5.305 +€3.404 10.070  46.004 ~30.05¢ -61.50¢ 25.108 06.000
76.000 20.000  17.006 4.127 20.670 -7.202 -40.550  10.070 5247 ~30.530 -06.980 31.360 71.908
78.000 121.3 1148 4N 27178 -10.213 -55.825 23.994 50.178 ~46.425 -71.980 41.030 77.011
80.000 12060 16.188  4.207 127.8U4 -1.T00 -02.080  20.840  08.07) ~02.537 -70.08) 56.973 83.015
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Dart:
3U¥ DESCRIPTION:

VIRICLE DICHLERATION:

15107 1000

TYANPLE |: BASIC SLID TESY SIMRATION

T BELY BARNESS WITH BTPERELLIPSOID FOR DASE DOARD
SLID ACCELERATION - 200 PIAK

CRASE VICTIN: 65T PIRCENTILE MALE
JOITY PABASTIAS
Joimp. 3- 1 Join 10,

Ta snun JOINY ANGLES (DRO) T0TAL T0MUT ( IN. LB.) ShM JOINY ABGLES (DRG)
(MSEC) IPIN FLEIYURE A21MUTR TORSION SPRING VISCOUS  RES. IPIN FLEEURL AZIWTE T0RSION
0.000 0. 10.180 0.000 0.000 0.000 0000 0.000 0. 10000 0.000 0.000
2.000 0. 10.181  0.000  0.000 0.000 0.1 0118 0. 0000 0000 0.000
$.000 0. 10.18¢ 0.000 0.000 0.000 0100 0.190 0. 9.998 0.000 0.000
6.000 0. 10,189 0.000 0.000 0.000 0.241 0.241 0, 9900 0000 0.000
8.000 0. 16.104 -0.001  0.000 0.000  0.22¢  0.224 0. 9.90% 0001 0.000
10.000 0. 10.107 -0.005 0.000 0.000 0.115 0.1 6. 9.979 0.000 0.000
12,000 4. 10.197 -0.013 -0.001 0.000 0.168 0168 0. 0.974 0.005 0.000
14.000 0. 10.102 -0.020 -0.002 0.000 0.401 6401 0. 9.0m 0000 -0.00]
10.000 0. 10,182 -0.042 -0.003 0.000 00880 0080 0. 9970 0012 -0.002
18.000 0. 10.166 -0.060 -0.004 0.000 0.977 0.077T 0. 0.080 0.013 -0.00)
20.000 0. 10.144 -0.001 -0.000 0.000 L2085  1.281 0. 9.9 0012 -0.004
22.000 0. 10.115 -0.104 -0.000 0.000 1,726 1,720 0. 9.007 0.000 -0.000
24.000 0. 10.068 -0.222 -0.01) 0.000 3586 3.5 0. 9.970 0.00 -0.000
0.000 0. 0.007 -0.530 -0.010 0.060 5256 5.25¢ 0. 9.077 0.1 -0.010
20,000 0. 9.007 -0.984 -0.028 0.000 6.000 0000 O 0.081 0211 -0.0
30.000 0. 0.805 -1.331 -0.000 0.000 0.012 6012 o0, 9.978 0.136 -0.03¢
32.000 0. 9.871 -1.5027 -0.0% 0.000 9.857 90.657 0. 0.978 -0.030 -0.0¢S
3,000 0.  9.440 -2.120 -0.084 0.000 14.403 14.483 0. 10014 -0.105 -0.002
36.000 0. 9.152 -).083 -0.11) 0.000 160702 10.787 0. 10.046 -0.075 -0.088
38.000 0. 6.767  -4.578 -0.147 0.000 26,352 26.353 0. 10.095 -0.00% -0.IN
€0.000 0. 0.200 -6.607 -0.108 0.000 31.362 31,361 0, 10.140 0007 -0.18)
42000 0. 7.600 -9.366 -0.2¢0 0.006 37757 3.YST 0. Q00 oM -0.212
oo 0. 8.911 -12.870 -0.017 0.000 52,652 52,050 4. 10.205 -0.813 -0.28¢
16.000 0. 5.006 -10.%95 -0.430 0.000 171.32% .39 6. 10.445 -0.726 -0.3%2
.000 0. G000 -30.850 -0.581 0.000 80.300 80,300 0. 10037 -1.000 -0.484
50.000 0. 3,822 -34.577 -0.004 0.000 125.386 125.388 0. 10.9%7 -1.21) -0.017
52.000 0.  4.000 -05.047 -l.088 0.000 150.487 1%50.407 8. 11421 -0.801 -0.8%
54,000 0. 8.1 -127.883 -)1.502 0.000 103.882 193.002 0. )).00 -0.704 -1.122
50.000 9.  0.000 -143.083 -3.08¢ 0.000 220.520 220.520 ¢, 12.423 -0.721 -L.407
50.000 0. 13.870 -152.003 -2.T48 0.000 235.004 235.004 0. 12.%3 -0.000 -1.004
80.000 0. 10.379 -157.025 -).482 0.000 234.042 234,042 0. 12.540 -1.000 -1.448
62,000 9. 22.700 -102.803 -4.505 0.000 230.440 230449 0. 12197 -2.354 -2.08
64,000 0. 26.899 -187.02) -5.48¢ 10.036 216.552 233.247 0. 11.008 -3.358 -3.4%7
66.000 0. 30.5%8 -170.087 -6.207  I150.450 (70.484 324.873 0. 0.203 -L.108 -3.804
00.000 0. 33.331 -172.220  -6.087  347.062 123.%8% 402.542 0. 8.4} -6.110 -4.250
70.000 0. 35.027 -173.783 -7.206 50274 67.815 $50.233 0, 2.361 -10.807 -4.5M
72.000 0. 35.550 -174.970  -7.507  403.638 M0.600 404.720 0.  3.440 -162.478 -4.700
74.000 0. 35540 -175.910 -7.807 (00,062 .24.2006 466.652 0.  9.415 -172.100 -4.900
70.000 0. 35.504 -176.881 -7.960  530.760 20.015 S§40.627 0, 15.304 -174.58% -4.900
70.000 0. 35.508 -177.36¢ -8.079  550.450 19.211 %61.920 0. 21.358 -175.882 -5.077
80.000 0. 35.764 -170.027 -0.190  570.271 20.456 506.403 0. 27.100 -178.275 -5.040

204

P40E: 3108

14

PAGE 2

TOTAL TORQUE ( [N. LB.)

st

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
22,20

115C008

0.000
0.118
0.184
0.26)
0.303
0.284
0.187
0.113
0.000
0.0
0.104
0.1
0.1
0.081
0.458
1.3
1.704
1.0
.3
3.000
3.3
4202
1.087
11132
19.999
25.143
5.0
32.810
17.056
20.005
28.518
43.189
73.428
115.706
175.281
LS
303.225
300.302
200.780
295.9075
.00

RS,

0.000
0.118
0.104
0.263
0.303
0.284
0.187
0.112
0.000
0.0712
0.104
0.1
0.7l
0.981
0.458
1.3
1.704
2.207
IR
3.008
AR
1.202
7.001
1113
10.909
5.1
5.0
3.018
27.056
26.005
26.518
43.700
73.420
115,798
175.281
4387
303.228
300,391
100.780
205.975
300.021




ITT:
RUF DESCRIPTION:

VERICLE DECELERATION:
CRASE TICTIN:

e JOINT Fouck ( LB,

{MSEC) 1
9.000 6.000
1.000 0.000
4.000 0.001
8.000 0.002
8.000 0.002

10.000 0.00t

12.000 -0.001

14.000 -0.00)

16.000 -0.00%
1.000 -0.003

10.000 -0.007

12.000 -0.010

24.000 -0.01

16.000 -0.077

26.000 -0.026

30.000 -0.020

31.000 -0.007

34.000 -0.000

38.000 -0.123

38.000 -0.101

40.000 -0.187
41,000 -0.23%

44.000 -0.440

46.000 -0.478

18.000 -0.484

50.000 -0.964

52.000 -1.02%

54.000 -1.408

56.000 1.9

58.000 -1.ue

80.000 -1.198

02.000 -1.040

04.000 -0.858

06.000 -0.008
68.000 -0.087

10.000 -0.950
71.000 -0.758
74.000 -0.802
76.000 -0.9)9
78.000 -0.08¢4

80.000 -0.476

3 5IrY 1088

e 1:

BASIC SLED YIST SIMULATION

W BELY EARNESS WITH SYPERELLIPSOID FOB DASH DOAMD
SLED ACCILERATION - 20G PUAR
9STR PERCENTILE WALX

1

0.000
0.000
0.000
0.000
0.000
-0.001
-0.001
-0.001
-0.001
0.000
6.000
-0.001
-0.021
-0.028
-0.002
0.004
-0.017
-0.0%8
-0.00)
-0.088
-0.083
-0.007
-0.15!
-0.19
-0.078
-0.400
-0.250
-0.348
-0.301
-0.505
0.12)
0.010
0.018
-0.15)
-0.314
-0.360
-0.34
~0. M4
-0.303
-0.387
-0.312

1000)
1

-0.128
0.1
-0.13
-6.1412
-0.148
-0.158
-0.471
-0.101
-0.190
-0.101
-8.110
-0.218
-9.213
-9.170
-0.25¢
-0.18)
-0.184
-0.153
0.1
-0.2117
-0.200
-0.200
0.231
0.180
0.41)
1.020
2.850
1,620
$.514
5.141
7.490
5.1
3.05)
1.82)
1.048
1.210
1.329
1.401
1.8
J.on
3.7%

AP JOINT PODCES & TODQUES OF R

JOIFY TORGUE ( IN.- LD. 10n0d)

0.0000400
-0.1190-08
-0.0380-07

0.3730-04

0.1180-03

0.2300-03

0.3650-03

0.3830-03

0.2070-03

0.1400-03

4.5030-03

0.6700-04

0.8750-02

0.0030-02

0.1080-02
-0.1150-01
-0.1050-01
-0.180D-02

0.5600-02

0.1210-01
-0.4350-02
-0.2070-0)
-0.2000-01
-0.6080-02
-0.4000-01

0.4750-01

0.3330-0)

0.4170-01

0.3700-01

0.8100-01
-0.9760-0)
-0.8070-01
-0.4080-01
-0.4000-01
-0.1230+00
-0.2590+00
-0.3800+00
-0.3440+00
0. 400400
-0.3370+00
-0.3520400

1

0.000D+00
0.1180-02
0.1940-02
0.2030-02
0.3030-02
0.2030-02
0.1630-02
0.1010-02
0.4500-03
6.3700-03
0.0050-03
0.5740-0)
-0.3150-02
-0.3010-02
-0.4040-03
0.3300-02
-0.108D-01
-0.1880-01
-0.1020-01
-0.2810-01
-0.2420-01
-0.2300-01
-0.075D-0)
-0.9920-01
-0.7050-01
-0.2200+00
-0.3770100
-0.2010+00
-0.1680+00
0.1000-01
0.1010000
0.330D+00
0.0020000
0.1140+01
0.1740001
0.2420001
0.3000+01
0.2080+01
. 0.2000+01
0.2040+01
0.2000+01

0.0000400
0.1320-07
0.7050-08
0.5070-0%
0.2500-04
0.7250-04
0.1000-03
0.2009-03
0.4279-03
0.6010-03
0.8000-03
0.1070-02
0.1810-02
0.3050-02
0.4440-02
0.5000-02
0.1760-02
0.1080-01
0. 1410-0}
0.1820-01
0.2270-01
0.211%-01
0.3560-01
0.8000-01
0.6530-01
0.9270-01
0.1220+00
0.1010+00
0.2080+00
0.204D100
0.2480+00
0.204D000
0. 2410400
0.2020+00
0.1710+00
0.1500000
0.1430+00
0.0070-01
0.6050-01
0.4530-01
0.4610-01
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103 DEScRIrelON:

VERICLE DECELELATION:
CRASH YICTIN:

e
(WSIC)

4.000
1.000
§.000
8.000
8.000
10.00¢
13.000
14.000
16.000
10.000
a0 000
22.000
24.000
18.000
28.000
30.000
32.000
34.000
36.000
38.000
10.000
42,000
41.000
10.000
10.000
50.000
92.000
54.000
50.000
$8.000
80.000
81.000
84.000
80.000
08.000
70.000
72.000
74.000
16.000
78.000
80.000

TRCLUDED SEGMENT NOS:

1 517 1988
HALE |;

DATT:

BASIC SLED TESY SIMULAYION

W0 BELY RARNESS WiY8 RYPERELLIPSOID FOR DASH d0ARD

SLED CCELERATION

CE¥TIR OF GRAVITY

18.18)
18.183
18.185
10,189
10,197
18.210
10.2%
10,257
18.294
18.342
18.402
18.478
18,564
10.600
10,792
18.933
19.005
19.178
19.401
10.704
19.948
20.213
20.40
20.102
.07
11,309
.61
21.004
0.1
22,990
11,406
21.403
22.487
12.490
12.478
27.440
22.408
12,358
22.208
1.1
11.165

{1
1 1 1

0.000 -20.231 0.000D+00 0.000D+00 0.000D+00 0.000D+00
~0.2510-01 0.207D-08 0.723D-04 -0.600D-04
-0.1210+00 -0.2200-04 -0.6050-03 -9.8410-03
<0.2900+00 -0.4420-03 -0.3200-0) -0.121D-01
-0.5430000 -0.2010-02 -0,8420-01 -0.554D-01
-0.4970-02 -0.1870100 -0.)38De00
-0.9910-02 -0.2830¢00 -0,2750+00
-0.1500-01 -0.4350000 -0.416D000
-0.1970-01 -0.6220+00 -0.5400000
-0.243D-01 -0.844D+00 -0.071D+00
-0.110D40} -0.700D000
-0.1400+0) -0.9020100
-0.103D¢0) -0.1040001
-0.227040] -0.2520101
-0.2700041 -0.2200+01
-0.3110001 0.483D100
0.1320000 -0.3410001 0.188D001
-0.3000+0) -0.240D000
-0.410D+91 -0. 1850401
-0. 4540001 -0.106D+01
<0.4040001 0.2720001
-0.5410001  0.1000402
-0.5370401 0.1300002
-0.4020401  0.2000¢0)
=0.3130¢01 -0.1180+01
-0.4TT0400 @.1200001 -0.3500002
9.6870401 -0.1320003
0.1450+02 -0.211pv03
€.230D402 -9.205D+03
$.270D402 -0.4110+03
0.3750402 -0.5240¢0)
0.3020002 -¢.608D+03
0.3700402 -0.647D403
0.3110+02 -0.050D+03 0.300D¢04
0.2200402 -0.6580403
0. 1140402 -0.051040)
0.4100+01 -0.048D00)
=0.720 -19.490 -0,180D+03 -0,2380002 -0.130D¢01 -0.646D+0)
-0.810 -10.505 -0.1830+03 -0.2400202 -0.635D+01 -0.048040)
<0.005 -19.537 -0,1850+03 -0.2420402 -0.114D¢+02 -0.655D+03
-0.995 -19.588 -0.186D¢03 -0.2440102 -0. 1610002 -0.65¢0+0)

0.000 -20.231
0.000 -20.231
0.000 -20.231
0.000 -20.234
0.000 -20.232 -0.8410000
0.000 -20.733 -0.1180001
0.000 -20.234 -0.155D+01
0.000 -20.238 -0.1050+01
0.000 -20.239 -0.2300+0)
0.000 -20.242 -0.2070+0}
0.000 -20.247 -0.3400+01
=0.000 -20.253 -0.4010+01
-0.001 -20.260 -0.4630+01
+0.001 -20.270 -0.5280+01
-0.001 -20.280 -0.5080¢01
0.000 -20.202 -0.6910+01
0.000 -20.308 -0.0200+01
0.000 -20.320 -0.0080401
0.001 -20.330 -0.1220402
§.001 -20.354 -0.1400402
0.003 -20.373 -0.1800002
0.007 -20.303 -0.220D+02
0.010 -20.412 -0.2720+02
0.014 -20.428 -0.3360+02
0.015 -20.431 -0.4310¢02
0.010 -20.418 -9.54%90+02
-0.005 -20.377 -0.80850+02
-0.030 -20.300 -0.8340402
-0.000 -20.218 -0.0910+02
-0.126 -20.096 -0.1250¢03
-0.202 -19.952 -0.140040Y
-0.207 -19.010 -0.1500403
-0.370 -19.683 -0.158D+0)
-0.485 -19.584 -0.1880¢0)
-0.552 <19.523 -0.171D+03
-0.640 -10.495 -0.1750+03

- 100 PRAK

9518 MIXCLITILE MiLR

BODY PROPERTIES - RETFERENCE SECMENT 30, 16 (RN )

LIBEiR WOMENTON

( L8.-8KC.

T

-0.2880-01
-0.3500-01
-0.3500-01
-0.3650-01
-0.2040-02

0.6730-01

9.5830-0)
0.205D-01
0.0019-01
03240100
07070400
01030401
0.8250000
0.1030+01

-0.2460+01
-0.5450401
-0.8520101
-0.1350+02
-0.1820+01
-0.210002
-0.2310+02
=0.2410+02
-0.2390+02
-0.2350002
-0.2310+02

)
1

206

123 485618 010111213118

ABGULAR WDMEVYOM
{ 18.- Lb.-SIC.)
I ! H

0.0000+00
§.1970-0)
0.9930+00
0.3410001
0.7300+01
0.1270402
0. 1040402
0.2740402
6.3060402
0.400D¢02
0.504D403
0.713D402
0.8800402
0.1050403
0.1320403
0.1300403
0.1000+03
0.1000+03
0.2260+03
0.9710+03
0.3330+03
0. 4000403
0. 4030403
4.5030+03
0.600000)
9.8800¢0)
0.104D+04
9.1260004
0.1810+04
§.1700+04
0.2270¢04
0.350D04
0.284D004

0.0000+00
0.3040-03
0.1560-01
0.1540-02
-9.4720-02
-0.1010-01
-0.4400-01
-0.7400-01
-0.0850-01
-0.1210+00
-0.134D100
-0. 1570490
0.2040+00
0.6070+00
0.1410001
0.2860+0)
0.4010401
0.4550001
0.6200+01
0.1010402
0.1710+02
0.2780402
0.3170:02
0.4270+02
0.5100002
0. 4000402
0.1000402
-0.0270401
<0.3460+02
-0.7070+02
~0. 1200403
-0.1480+03
-0.148D+03
-0. 1450403
0.3200004 -0.144D+03
0.3480+04 -0, H1D40)
0.300D+04 -0.1420403
0.3600+04 -0.147D103
0.3770¢04 -0.158D¢03
0.383D+04 -0.1060¢03
0.3860004 -0. 1760403

P4as: 20.01

Lini

0.0000400
0.3820-0)
0.5050400
0.2420+04
0.7540+01
0.184D+02
0.3840+02
0.7170002
01330403
0.2000+0)
0.3070+03
0.451040)
0.641D+03
0.600040)
0.120D+04
0.158D004
0.204D¢04
0.2500004
0.3150+04
0.3700¢04
0.440D004
0.5200004
0.5760004
0.6110004
08230404
0.5880+04
§.5300+04
0.401Dv04
0.4710¢0¢4
0.4760004
0.5010004
0.8550+04
0.073000¢4
0.640D104
0.5700+04
0.524D004
0.4840+04
0.4530¢04
04430004
0.4500404
0.877Dr0¢

MGE M

X1UETIC £9EROY

t18.- [8.)

AGULAR

0.0000+00
0.4050-01
0.344D-01
0.1370¢00
0.3010¢00
0.862D400
0.1550+01
0.2470001
0.3050¢01
0.5150¢01
0.698D+01
0.0230+01
051180002
0.1460+02
0.1790¢02
0.2100+02
0.204D+02
0.3430002
0.4830+02
0.7210+02
0.104D¢03
0.1360¢0)
0.1080003
0.1020+03
0.2080+03
0.251D+03
0.3830003
0.6730+03
0.104D+04
0.1200004
0.2010404
0.226D+04
0.2230004
0.200D+04
0.1890¢04
0.177D¢04
0.1684De04
0.1500+0¢
01430404
0.146D+04
0.1550+0¢

ToTAL

0.0000+00
0.4310-01
0.530D¢00
0.256D01
07030001
0.1920402
0.3000+02
0.7420402
0.1270¢03
0.2050+03
0.314D003
04010403
0.0530+03
0.9010¢03
0.1220+0¢
0.160D+04
0.2000+04
0.250D+04
0.3200004¢
0.380D40¢4
0.460D004
0.5330004
0.5930¢04
0.8310+04
0.644D+04
0.0)4D¢04
0.5750v04
0.556D+04
0.5740004
0.804D00¢4
0.782000¢
0.881D104
0.006D+04
0.840040¢
0.708D+04
0.700D+04
0.648D104
0.004De0¢
0.587D004
0.6020+04
0.832D104




DATL:
BOW DESCRIPTION:

VIRICLE DECHLERATLON:
CRisa TCTIN:

2 51T 1080
CIAPLE 1: DASIC SLED YESY SIMRATION

19 BILY RARNESS WITR BYPERALLIPSOID FOB DASE DOARD

SLED ACCELERATION - 200 PUAK
0578 PERCINTILE MALR
CONTACY POXCLS - SEGMENY PANELS 7S. STIOMENTS

PAFEL | (SEAT. 6 DEOREE OFF B) VS. SEEWT 1 (LY )

DEFL- BOMMAL
T ICrioN  FoNCE
OSEC)  (1n) (L)

721CY108 RESULTANY CONTACY Location { ib.)
Focg  roict (Vi DEPSMKCE)
(18.) {(18) I 1 1

0.000 0.458 137.10 0.00 13710 14.372  0.000 -10.450

2.000 0458 131.02

L0 I 1IN 0.000 -10.450

4.000 0,459 130.88  27.51 130.00 14.375  0.000 -10.4%0

0.000 0.450 1.7

46.00 14444 14.380  6.000 -10.400

5.000 0,457 13878 8403 15318 14.300 0,000 -10.461
10,000 0.45¢  144.58 72,20 181.05 14.407 0.000 -10.402
12.000  0.458 152,48 76.2¢ 170.48 14431 0.000 -10.46%

14.000  0.456 10071

60.85 180.80 14.404 0.000 -10.460

16.000  0.450 172,30 88,10 102,73 14.508 0.000 -10.473
16.000  0.450 104.02 02,01 205.7¢ 1(.565 -0.001 -10.470
20.000 0,400 106,74 9037 219.08 14.035 -0.001 -10.488
22,000  0.461 2011.45 105.72 236.41 14.720 -0.001 -10.405
24.000 0.4 200.50 100.35  224.17 14.027 -0.001 -10.%08
20,000  0.46¢ 100.45  90.77 22200 14.042 -0.001 -10.510
28,000  0.465 207.80 103.04 2)2.42 15.000 0.000 -10.533
30.000 0.466 226.27 11413 255.21 15.242 0.001 -10.550
32000 0.460 279.53 130.76  312.52 15.42¢ 0,008 -10.%0¢
36.000 0477 J50.88 1703 308.78 15.030 0.008 -10.99)
30.000 0.478  440.02 22431 501.57 15.850 0,030 -10.01%
38.000 0,405 560.72 200.38 020.90 10.11) 0.07 -10.04)
40.000  0.406 634.27 31704 T00.14 16.385 0.146 -10.670
42,000 0.510 684.08 33240 344 16.670 0.237 -10.701

44,000 0527 103.4)

351,70 705.43 16.90%  0.340 -10.7%)

40,000  0.55) 738.42 370.20 @i5.71 17.203 0.460 -10.765
10,000  0.585 020.02 41431 926.4) 17.507 0.507 -10.707

50.000 0.63¢ 022.01

101,45 103104 17.067 0.630 -10.028

$2.000  0.705 1043.08 521.5¢ 1168.20 10.102 0.830 -10.050
54.000  0.806 1000.42  545.21 1210.13 10.288  0.520 -10.000

56.000  0.042 1005.51
50.000 1.113 1255.00
00.000  1.323 1450.1

542,75 1213.6¢ 10410 0.300 -10.00)
027.50 1403.14 10.483 0.194 -10.800
73537 1621.90 10497 0.037 -10.492

01.000  1.576 1027.3)  013.87 2043.02 10.468 -0.132 -10.080
84.000 1,025 2103.30 1140.60 29564.07 10.45¢ -0,237 -16.087
00.000 2,046 2723.02 1360.51 J044.43 16.430 -0.207 -160.208
08.000 2,217 3434.09 ITI7.05 3830.43 10.¢16 -0.208 -10.883
70,000 2,318 J001.87 1000.93 4250.02 18.370 -0.288 -10.078
72.000 2,356 12060.0¢ 148¢.52 3310.48 18.300 -0.277 -10.001

70,000 2.342 047.0)

1473.80  3295.52° 10.218 -0.371 -10.803

76.000 2,202 2851.28 210.71 28%9.04 18.125 -0.274 -)0.85)
78.000 2,180 2008.10 119.57 2800.85 10.036 -0.202 -10.84)

80.000 2,000 261N

235,32 H7.98 17950 -0.333 -10.035

207

{10 S

PIGE: 30.01

PANEL | (SKAY. € DSGRIR OFF ) VS. SIGMEWY ¢ ( BOL)
BORMAL FRICTION RESULYANY CONYACT LOCatioN ( iN.)
(VEN RsrRmsxce)

berL-
icrion
(1)

0.2%
0.5
0.250
0.250
0.151
015
0.1%2
6.253
0.25¢
0.255
0.2%0
0.257
0.257
0.257
0.25
0.25%
0.2%3
$.251
0.2
0.2
0.39
0.
0.2%
0.217
0.228
0.1
0.2
.
.37
0.263
0.3
©m
0.443
e
0.505
0.504
0.588
0.51%
0.438
0.328
0.0

Foxct
(Ls)

0.0
na
3.0
“w.n
51,70
56.3%
6.
68.37
1.3
.12
70.34
na
66.43
50.0¢
w.90
45.48
(AR ]
5.97
.40
n.e
65.17
00.40
110.38
181.02
0.4
™.
m.7
n.u
0.3
Jn.0
360.55
.18
§11.56
8.0
05.30
.
m.
n.n
108.38
15.58
10.08

roxct
(LB}

0.00

(R
1.9
7.
2505
0.1
A A ]
M.
.08
31.50
nu
na
AL R
nn
.95
nNn
n.0
%.0
19.20
1.8
31.5%
“wn
5.0
n.a
100.87
115.%$
1.
137,48
3.0
150.58
104.78
.0
305.7
mne
ur.e
152,49
139.00
100.92
5619
nn

(R

Foncg
(L8}

.04
3.0
».0
i
57.80
05.1¢
71.38
.4
0.0
8.0
"
8.2
n.%
85.50
35.79
50.05
60.00
§0.3%5
12.6
uun
nn
80.08
13.47
170.23
m.n
81.
350.80
301,80
311.28
3.1
4317
.1
830.04
833.00
100,07
30.07
3.1
230.08
12118
%0.9)
20.40

24,125
2.1
24.120
nm
20,729
2%.192
UM
.74
2,198
.
24.7%
.00
.00
24.89)
H.02
25.002
25.080
5.0
15.207
1%.1m
5.3
25.504
25.3901
25.402
25.304
15.300
3.3
25.307
25,149
.
2¢.580
n.m
23.850
23.900
23.2%
23.048
22.950
22048
3.0
2.161
3.1

1 4

3.420 -11.545
3.420 -11.845
3.420 -10.548
3.420 -11.5¢5
3.420 -11.540
3.420 -11.94¢
3.420 -11,%48
3.4 -10.507
3.420 -11.948
3.420 -11.550
3.420 -11.992
3.420 -11.955
3.420 -11.5%0
3.420 -11.56)
3.420 -11.560
3.420 119
3.421 -11.%81
3.420 -11.500
3.421 -11.508
3.421 -11.003
3.43¢ -11.000
3.428 -10.012
3.4 -10.818
3.441 -1L.010
3.481 -11.618
3404 -11.81)
3.400 -1.608
3.497 -11.002
3.51¢ -11.500
3.520 -11.567
3.528 -11.531
3.510 -11.493
3.407 -11.4%)
3.480 -10.418
3,038 -11.308
3.410 -11.380
3.400 -11.380
3.400 -11.359
3.305 -11.3¢08
3.390 -11.381
3.3 -11.300




173+ H
0¥ DESCRIPTION:

VERICLE DECELERATION:
CoaSE TICTIM:

MR, | (31
DEFL- WORMAL
1N ICTIon  FORCE
(SEC) (1) (LB)

6.000 0.35%0  20.04
2,000 0,250 31.2)
€000 0.25¢ 3.7l
0.000  0.250 4.2
§.000 0.251 SIL.N
19.000 0,251 S84l
12.000  0.252  63.0)
14.000 0.253  08.45
16.000 0.2%¢ 12.21
18,000 0.25% T8.10
20.000 0.250 76.3)
22.000 0.257 7083
4.000 0.357 e5.10
26.000 0.257 50.40
28.000 0.258  47.5¢
30,000 0.25¢ 3408
J.000 0.297  30.42
3,000 0.248 20,00
#0000 0301 WU
Je.oo0 027 M
40.000 0.206 2130
12,0600 0.170 19.80
4,000 o147 12.03
10.000 0.112 (A Y
48,000  0.080 3.9
50.000  0.056 L
52.000 0.051 58.00
5¢.000 0.070 84,08
56.000  6.137 138.01
58.000 0,220 105,60
00.000  0.353 8.1
62,000 0.522 1.\
04.000 0.08% 808.07
00.000 0.810 128.0)
68.000  0.905 1600.87
70.000  0.92¢ 798.5%
72,000 0.008 T10.48
TH.000 0.B14 011908
70.000 0.713 477.88
78.000  0.501 2l
80.000  0.450 139.50

1 5177 1988 11 |
TIAMPLE 1: BASIC SLED YEST SIWOLATION

190 S6LY NARNESS WITH NYPIRELLIPSOID POR DASE BOARD PaOE: 31.9)

SLED ACCELERATION - 20G PLAK

9570 PIRCONTILE MALR

CONTACY FORCES - SEOMENT PANKLS VS, SIGMENTS

?. 8 DIGRIX OFF §) YS. SIGMENY § ( LOL) PANEL 3 (BACK PAFEL. 13 DEGD) ¥S. SECMENY | (LT)

FRICTION DASULYANY COETACY LOCATION ( I5.) DOEFL- NORMAL FRICTION BESBLYAFY COWTACT LOCL®ICE ( 1D.)
TORCE  FORCE (168 MFIKKK ICTion  roRCr  roxct  Foxcl (Y88 DEFRRENCE)
(i) (L) 1 1 4 (19) (18} (LA} (18) H 1 1

0.00  20.04 24,725 -3.420 -11.%45  0.055 N 0.00 2.17 9.382 0,000 -12.874
5,00 31,02 20,725 -3.420 -J1.548  Q.0%8 2.7¢ 0.40 2,19 9382 0.000 -12.8U4
1560 30.81 24726 -3.420 -11.545  0.054 3.00 0.97 2.85 9.382 0.000 -12.675
2202 946 20777 -3.420 (10545 0.050 1.51 1,25 2.00  9.382 0.000 -12.870
25.87  S7.84 24709 -3.420 10548 0.044 1.18 L% 144 0.382 0.000 -12.077
9.2 05.30 24.732 -3.420 -11.546  0.03) 1.6% 0.0 1.85  9.381 0.000 -12.080
LS L4 20731 -3.420 11648 0.017 0.08 0.43 0.96  9.380 0.000 -12.684
323 7053 MM -3.420 -10.547  -0.000 0.00 0.00 0.00 0.000 0.000 0.000
38.10 0073 24,755 -3.420 -11.%48  -0.030 0.00 0.00 0.00 0.000 0.000 0.000
37.60  84.07 24.770 -3.420 -11.550 -0.077 0.00 .00 0.00 0.000 0,000 0.000
30.16 8530 .790 -3.420 -11,950  -0.128 0.00 0.00 0.00 0.000 0.000 0.000
NI 04N .45 -3.420 11588 -0.193 0.00 0.90 0.00 0.000 0.600 0.000
3050 72.87 20849 -3.420 -11.550 -0.200 0.00 0.00 0.00 0.000 0.000 0.000
28.70  63.06 20.091 -3.420 -11.503 -0.362 0.00 0.00 0.00 0.000 0.000 0.000
2370 53.20 2.M3 -J.420 -1).568  -0.4M2 0.00 .00 0.00 0.000 0.000 0.000
1730 3878 25.00% -3.420 -11.51%  -0.001 0.00 0.00 0.00 0.000 0,000 0.000
15.21 3001 25.079 -3.410 -1i.502 -0.7¢0 0.00 0.0 0.00 0.000 0.000 0.000
4.8 3300 25.108 -3.430 -11.502 -0.910 0.00 0.00 0.00 0.000 0.000 0.000
1407 3L.40 15.280 -3.410 -10.004 -1.108 0.00 0.00 0.00 0.000 0.000 0.000
12,72 20,44 25.428 -3.418 -10619 -L.317 0.00 0.00 0.00 0.000 0.000 0.000
0.5 23.81 25.615 -3.415 -11.630 -1.548 0.00 0.00 0.00 0.000 0.000 6.000
8.45  16.80 23.8%0 -3.411 -11.803 -1.7M 0.00 0.00 0.00 0.000 0.000 0.000
8.01  13.45 26,130 -3.405 -11.603 -1.0%6 0.00 0.00 0.00 0.000 0.000 0.000
3.0 7.68 26435 -3.308 11725 -3 0.00 0.90 0.06 0.000 0.000 0.000
1.99 €48 26,700 -3.386 -11.750 -1.601 0.00 0.00 0.00 0.000 0.000 0.000
1.9 301 27,008 -3.372 -1L. 785 -2.884 0.00 0.00 0.00 0.000 0.000 0.000
20.46  05.00 27,020 -3.35% -1).76  -3.104 0.00 0.00 0.00 0.00¢ 0.000 0.000
12,00 0101 26.648 -3.335 -11.797 -3.31) 0.00 0.00 0.00 0.000 0.000 0.000
60.08 154.41 126,015 -3.313 -li.681 -3.47¢ 0.00 0.00 0.00 0.000 0.000 0.000
82.00 185.14 25.312 -3.202 -11.607 -).600 0.00 0.00 0.00 0.000 0.000 0.000
74,06 165.60 24.605 -3.280 -11.,533 -3.60% 0.00 0.00 0.00 0.000 0.000 0.000
178.57  389.30 23,920 -3.280 -11.481 -3.707 0.00 0.00 0.00 0.000 0.000 0.000
33,20 707.50 23.448 -3.200 11401 -3.784 0.00 0.00 0.00 0.000 0.000 0.000
02).10 1303.4¢ 23155 -3.301 10,380 -3.80) 0.00 0.00 0.00 0.000 0.000 0.000
849.94 1900.52 22,000 -3.313 -11.300  -3.028 0.00 0.00 0.00 0.000 0.000 0.000
379.97 04008 22,031 -3.322 -11.357 -3.037 0.00 0.00 0.00 0.000 0.000 0.000
355,23 704.5' 22.038 -3.329 -11.358 -3.038 0.00 0.00 0.00 0.000 0.000 0.000
305.00  684.21° 32.902 -3.333 -101.363 -3.8M 0.00 0.00 0.00 0,000 0.000 0.000
236.03  $34.20 23.0906 -3.3M -11.3M -3.81) 0.00 0.00 0.00 0.000 0.000 0.000
157.11 350,30 23.266 -3.33) -1).302  -3.793 0.00 0.00 0.00 0.000 0.000 0.000
03.20  MLS6 23529 -3.033 -1.420 -3.782 0.00 0.00 0.00 0.000 0.000 0.000
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DATY:
108 DESCRIPYION:

VERICLE DACALEZATION:
caiss 1ICTIN:

1 5KPY 1088
FRAPLE 1: BASIC SLED TEST SIWULATION

190 OILY BARBESS WITH HYPERELLIPSOID FOR DASE BOARD

SLED ACCELERATION - 170G PRAL
O5TR PRACKNTILE MALE
CONTAC? FORCIS - SEGMENT PANELY V3. SIGIENTS

PANEL 3 (BACK PANEL. 13 DEOR) VS, SEGMENT 2 (C7)
DEFL- NORMAL FRICYION BESULYANY CONYACT LOCATION ( [N.) DEFL- FORMAL FRICTION RESULYANT COFTACY LOCATION ( IN.)
(V68 DRFERENCE)

T o FoRcK
(s50) (10 (1B.)

e e (V58 REFRREKCE)
(L) ) H 1 )

0.000 -0.312 6.00 0.00 0.00 0.000 0.000 0.000
2.000 -0.312 0.00 0.00 0.00 0.000 0.000 0.000

4.000 -0.3M4

0.00 0.00 0.00 0.000 0.000 0.000

6.000 -0.320 0.00 0.00 0.00 0.000 0.000 0.000

8.000 -0.330

0.00 0.00 0.00 0.000 0,000 0.000

10.000 -0.307 0.00 0.00 0.00 0.000 0.000 0.000
12.000 -0.372 0.00 0.00 0.00 0.000 0.000 ¢.000

14.000 -0.408 0.00

0.00 0.00 0.000 0.000 0.000

16.000 -0.492 0.00 0.00 0.00 0.000 0.000 ¢.000

10.000 -0.510 6.00

0.00 0.00 0.000 0.000 0.000

20.000 -0.383 0.00 0.00 0.00 0.000 0.000 0.000
22.000 -0.87) 0.00 0.00 0.00 0.000 0.000 0.000

4.900 -0.770 0.00
20.000 -0.901 0.00
28.000 -1.04% 0.00
30.000 -1.21 0.00
32.000 -j.400 0.00
34.000 -1.812 0.00

0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.000 0.000 ¢.000
0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.000 0.000 0.000

36.000 -1.840 0.00 0.00 0.00 0.000 0.000 0.000
30,000 -2.110 0.00 0.00 0.00 0.000 0.000 0.000
10.000 -2.397 0.00 0.00 0.00 0,000 0.000 0.000
42.000 -2.707 0.00 0.00 0.00 0.000 0.000 0.000
44,000 -3.034 0.00 0.00 0.00 0.000 0.000 0.000

16.000 -3.370 0.00
0.00 0.00 0.00 0.000 0.000 0.000

18.000 -).702

0.00 0.00 0.000 0,000 0.000

50.000 -4.012 8.00 0.00 0.00 0.060 0.000 0.000
52.000 -4.278 0.00 0.00 0.00 0.000 0.000 ¢.000
5¢.000 -4 0.00 0.00 0.00 0.000 0.000 9.000
$0.000 -4.000 0.00 0.00 0.00 0.000 0.000 0.000
50.000 -4.001 0.00 0.00 0.00 0.000 0,000 0.000
00.000 -¢.502 0.00 0.00 0.00 0.000 0.000 0.000
82,000 -£.378 0.00 0.00 0.00 0.000 0.000 0.000

84.000 -6.140 0.00

0.00 0.00 0.000 0,000 0.000

08.000 -3.015 0.00 0.00 0.00 0.000 0.000. 0.000
68.000 -3.680 4.00 0.00 0.00 0.000 0.000 0.000
70.000 -3.478 0.00 0.00 0.00 0.000 0.000 9.000
72.000 -3.38) 0.00 0.00 0.00 0.000 0.000 0.000

74.000  -3.000 0.00

0.00 0.00° .0.000 0.000 0.000

76.000 -2.921 0.00 0.00 0.00 0.000 0.000 0.000
78,000 -2.7U4 0.00 9.00 0.00 0.000 0.000 ¢.000

80.000 -2.581

0.00 0.00 0.00 0.000 0.000 0.000

209

PANEL 2 (BACK PANEL.

Icrio8
(i)

8.1

0.132

0.131

0.1

0.117

6.102

0.07

0.0¢8

0.008
-0.008
0.1
-0.106
-0.204
-0.409
-0.542
-0.600
-0.012
-1.007
-}.284
-1.503
-1.18)
<2.084
1.3
-3.002
-1.960
-3.208
-3
-3.052
3.1
-3
-3.000
3.4
<3.2%5
-1.96%
-2.720
<2400
-1.303
N
-1.960
-1
-1.818

Kt
(8.

0.00
0.87
8.0
8.9
1.5
5.1
.08
3.3
(B
0.00

Foacs
(8.}

0.00
0.08
0.75
(R {]
1.9
.42
1.08
1.1
0.18

et N

nat; 33.0

13 DEGR) VS. SIMENT 3 (0T)

ToNCE
(18.)

9.90
9.87
9.64
9.7
..
N
(R}
.86
0.33
0.00
0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

8.15)
0.151
6.151
6.151
6.182
0.152
0.1%)
0.15¢
8.15%
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

| { 4

0.000 -26.605
0.000 -20.608
0.000 -26.005
0.000 -20.664
0.000 -26.68)
0.000 -20.661
0.000 -20.058
0.000 -20.6%4
0.000 -20.640
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0,000 0.000
0.000 ©0.000
0.000 0.000
0.000 0.000
0.000 0.000
8.000 0.000
0.000 0.000
0.000 0.000
0.000 ©.000
0.000 0.000
0.000 0.000
0.000 0.000
6.000 0.000
0.000 0.000




DAYE: 2 SEPT 1988
ULAPLE 1:

209 DESCRIPTION:

YEBICLE DICELIRAYION:
CLASR TICTIN:

ML 3 (FLO0L.

DIFL- BORMAL FRICYION RESULYANT COWTACT LOCATION ( 1D.)
{rig

TME ICTION  FORCE  FORCE
(SE)  (Iv) (L8} (LB}

0.000 0.000 (.81 0.00
2.000  0.007 .08 0.97
1.000  0.007 (R .1
8.000 0.007 5.05 .52
8.000 0.002 5.02 1.51
10.000  0.000 1.90 .45
12.000  0.008 .08 .4
14.000 0.007 1.8 .42
18.000  0.005 §.18 .3
18.000  0.092 4.8l .3
20.000  0.088 (R} .
22.000 0.083 Ay 1.08
24.000 0.077 3.8 1.92
20.000  0.060 3.4 .13
18.000  0.000 1.0 1.50
30.000 0.040 1.4 1.23
J2.000  0.0N7 1.9% 0.93
34,000 0.022 111 0.56
J8.000  0.004 0.19 0.10
38.000 -0.021 0.00 9.00
10.000 -0.052 0.00 0.00
42.000 -0.002 0.00 0.00
44.000 -0.140 0.00 0.00
18.000 -0.100 0.00 0.00
48.000 -0.268 0.00 0.00
50.000 -0.348 0.00 0.00
$2.000 -0.440 0.00 0.00
50.000 -0.543 0.00 8.00
56.000 -0.601 0.00 0.0¢
58.000 -0.708 0.00 0.00
60.000 -0.960 0.00 0.00
02,000 -1.145 0.00 0.00
84.000 -1.391 0.00 0.00
88.000 -1.570 0.00 0.00
08.000 -1.817 0.00 0.00
70.000 -2.071 0.00 0.00
72,000 -2.335 0.00 0.00
14.000 -2.008 0.00 0.00
76.000 -2.883 0.00 0.00
78.000 -3.180 0.00 0.00
80.000 -3.4M 0.00 0.00

BASIC SLED TESY SIMOLATION
T80 BEILT BARNESS WITH HYPERILLIPSOID FOR DASH BOARD

SLED ACCELERATION - 200 PEAX
U578 PRECEVTILE MALR
CONTACT POICES - SEQMENY PANELS V3. SIGMENTS

) ¥3. SEWY & (W)

FoRct
(L8.)

4.0
4.0
5.40
5.84
5.61
5.48
5.48
5.4
5.3
5.18
4.9
1.08
4.3
3.0
3.3
1.7%
.0
1.6
0.21
0.00
0.00
0.00
0.00
0.00
8.00
0.00
0.00
0.00
9.00
0.00
0.00
0.00
8.00
0.00
0.00
0.00
0.00

0.00°

0.00
0.00
0.00

18.508
16.508
6.567
8.00)
40.809
18.020
6.638
48.082
18.003
8.7
18.7184
LRI
46.013
16.908
41.002
{7.100
11.018
.48
47.58)
0.000
0.000
0.000
0.000
0.000
0.000
6.000
0.000
0.000
9.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000 0.

0.000
0.000
0.000

AEFISEKCE)

I

3.420
3.420
3.420
3.420
3.420
3.4
3.420
3.420
3.40
3.4
3.420
3.420
3.0
3.420
3.420
3420
3.420
.40
3.420
0.000
0.000

-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
=1.300
-1.300
=1.300
<130
-1.300
-1.300
-1.300
-1.300
9.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
8.000
0.000
0.000
0.000
0.000
- 9.000
0.000
9.000
0.000
0.000
0.000
0.000
0.000

210

PANEL 3 (FL00L.

DEFL-

gcrion  Fosct  Fokck
tm) (W) (L)
0.0908 (B ] 0.00
0.001 .88 0.97
0.007 &9 w
0.087 §.08 1.82
0.008 5.0) 1.%2
0.008 (N }] 1.48
0.008 i tR1
0.087 . .4
0.095 418 1.3
0.00} 4.8 .3
0.080 (K] 1L
0.084 (B 1) .10
0.078 3.0 1.
0.070 3.50 1.1%
0,081 3.05 1.52
0.051 .54 1.7
0.010 1.98 0.00
8.027 1.38 0.88
0.0 0.65 0.32
-0.004 0.00 0.00
-0.024 0.00 0.00
-0.047 0.00 0.00
-0.0m 0.00 0.00
-6.101 0.00 0.60
-0.497 0.00 9.00
-0.10) 0.00 0.00
-0.245 0.00 0.00
-9.330 0.00 0.00
0.4 0.00 0.00
-0.55¢ 0.00 0.00
-0.088 0.00 0.00
-0.830 0.00 ¢.00
0.0 0.00 0.00
-1 9.00 0.00
-Lm 0.00 ¢.00
<1448 0.00 0.00
-1.02% 0.00 0.00
-1 0.00 0.00
-2.00% 0.00 0.00
-2.100 0.00 0.00
-2.387 0.00 .00

Pi0E: 33.01

11 ¢

) V5. SEGMEWY 1) ( LF )
JORMAL FRICTION RESULTANT CONTACY LOCATION ( 1N.)
REFRRENCE)

FORCE
{w)

.80
(.0
5.40
5.8
5.01
5.4
5.48
5.41
.31
5.17
.0
1.00
(B}
3.0
3.4
1.8)
.1
1.9
.M
0.00
0.00
0.00
0.00
0.00
9.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

(Vig
1

18,904
16.500
8.597
48,001
48.809
44,620
0.838
10.062
48,004
W
48.78¢
.04
®.010
10.999
47.00)
§7.201
1.3
47.158
41.507
0.000
0.000
0.000
0.000
9.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
6.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1

-4
-3.420
-3.4%0
-3.420
-3.420
-3.420
-3.420
-3.420
-3.420
-3.420
-3.420
-3.420
-3.420
-3.4%0
-3.420
-3.420
3.4
-3.420
-3.420
0.000
0.000
¢.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

4

<1.300
-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
-1.300
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
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DATR: 1 SEPY 1980 Mg »
BOW ORSCRIPTION:  ERAMPLR 1: BASIC SLED TESY SIMDLATION
90 BELY BARDESS WITD SYPRRELLIPSOID FOR DASE BOARD PAGK: 34.01
VEBICLE DECELERATION:  SLED ACCELERATION - 200 PRAL
CRASE VICTIN: 95T PERCENTILE MiLE
CONTACY FOXCES - SEQMINY PANTLS 73. SEOMENTS

PANEL ¢ (NRAD PAD. 13 DEGR ) VS. SEOMENT S (D ) PAFEL 10 (RODDIR PEOALS. ) ¥S. SEGMENT 8 (W)

DEFL- JONMAL FRICTION RESULTANT CONYACT LOCATION ( [3.) DEFL- BOBMAL FRICTION RESOLTANY CONYACY LOCATION ( IN.)
T ICTION  FODCE  FOBCE  FORCE (ViR BRIFIMINCE) ECTION FODCE  FODCE  FORCE (VR REFERENCE)
OSEC) (18 (L8 (L) (L) I ! 4 (i) (W) (L8 (LB} ¢ 4 t

0.000 0.0% 1.4 0.00 2.4 3.005 0.000 -40.970  0.002 0.00 0.00 0.00 51.230 3.420 -3.280
2,000 0.000 L4 0.02 141 3005 0.000 40078 .00l 0.07 0.01 0.07 5133 3.420 -).280
4.000  0.040 2.3 0.9 3.9 3.035  0.000 -40.978  0.002 8.1l 0.04 0.12 51.3%  J.420 -3.20%
6.000 0.04) 1.18 0.41 .19 3905 0.000 ~10.017 0,005 0.20 (A1 0.371 SL.280 3.420 -7
8.000 0.0M 1.70 0.5% 1.7 3.035  0.000 -40.976  ¢.01¢ 0.15 LR 0.83 5118 3.420 3.2
10.000 0.010 0.95 0.41 1.0 3.000 .000 -40.07¢ 0.0 1.9 0.80 170 §1.25¢ 3.4 -39
12.000 -0.00) 0.00 0.00 0.00 0.000 0.000 0.000 0.031 3.00 1.33 .08 51.268 3.420 -3.300
14.000  -0.0M 0.00 0.00 0.00 0.000 0.000 0.000 9.000 .0 2.0% G5 512 3400 -3.0%)
16.000 -0.075 0.00 0.00 0.00 0.000 0.000 0.000 0.070 5.9 1.9 §.81 51,306 J.420 -3.342
10.000 -0.12¢ 0.00 0.00 0.00 0.000 0.000 0.000 0.006 . £.08 .13 5L 34N -3.68
10.000 -0.194 6.00 0.00 0.00 0,000 0.000 $.000 0.120 1).00 8.8 1520 51,37 )42 -1
12,000 -0.1U 0.00 0.00 0.00 0.000 0.000 0000 0.105 20.40 1020 2287 S1.40¢ 3.420 -3.420
M.000 -0.371 0.00 0.00 0.00 0.000 0,000 0.000 0.205 26,17 14.00 3150 51464 3420 -3¢
20.000 -0.i84 0.00 0.00 0.00 0.000 0.000 0.000 0.240 .47 102 (3.01 SL.4R0 34N )M
20.000 -0.817 0.00 0.00 000 0000 0.000 0000 0200 4030 2064 5500 51.503 J.420 -3.507
30.000 -0.770 .00 0.00 0.00 0.000 0.000 0.000 0.33 8040 30.20 07.50 51510 3430 D504
32.000 -0.045 0.00 0.00 0.00 0.000 0000 0000 0.303 7103 35.927 0031 51518 3.420 -3.50
H.000 -1 12 0.00 0.00 0.00 0.600 0000 $.000 0.460 12019 0400 14331 51520 3.420 -5
J0.000 -1.38) 0.00 0.00 0.00 0000 €000 0.000 0477 170.7% 00.37 19089 SIS Y. -3.902
38.000 -1.610 0.00 0.00 0.00 0.000 0.000 0.000 0.400 20007 102.48 22011 SI.Si9 3.420 -3.5%
40.000 -1.882 0.00 0.00 0.00 0.000 0.000 0.000 0.408 191.03 0551 200.50 S5L.515 3.420 -3.%1
12.000 -2.181 0.00 9.00 0.00 0.000 06.000 0.000 0.402 102,00 9130 20415 S1.%08 3.419 -).51)
44.000  -2.50% 0.00 0.00 0.00 0.000 0.000 0000 0.402 168.62  BL.41 180,75 S51.501 Y416 -3.90%
46.000 -2.840 0.00 0.00 0.00 0.000 0.000 0.000 0.470 153001 7008 172.00 51404 3.417 Y90
10.000 -3.211 0.00 0.00 0.00 0000 0.000 0.000 0.480 130.02 00.01 19632 SI.400 3.(IS -3.¢08
50.000 -3.584 0.00 0.00 0.00 0.000 0.006 6.000 0.450 126.65 0233 141.00 S1.408 3413 -3.49%
$2.000 -3.960 0.00 0.00 0.00 0.000 0.000 0.000 0.44) NI S04 JINTT SIAM 3010 340
56.000 -430 0.00 0.00 0.00 0.000 0.000 0.000 0.40 100.5¢ 50.30 11347 S1.507 .08 -3.810
56.000 -4.675 0.60 0.00 0.00 0000 0000 0.000 0.415 0.3 0.6 00,73 518N .02 -3.5M)
56.000 -4.089 0.00 0.00 0.00 0.000 0.000 6000 0.308 57.600 20.00  60.(0 SL.STT 3.306 -3.500
80.000 -3.254 0.00 0.00 0.00 0000 0.000 6.000 6.346 ¢0.17 .50 5600 S1.079 3304 -3.054
02.000 -5.458 9.00 0.00 0.00 0.000 0.000 0.000 0200 37.73 .06 4210 S1.012 LOM MM
81.000 -5.000 0.00 0.00 0.00 0.000 0.000 4.000 0.215 2304 1152 2579 S1.OTE 3.30) 3.0
66.000 -5.724 0.00 0.00 0.00 0.000 0.000 0.000 0.12§ (B (K] 9.08 52103 3400 -4.0M7
68.000 -%.617 0.00 0.00 0.00 0.000 0.000 0.000 0.02 (B ] 6.4 1.10 52,440 3417 -4.204
70.000 -5.80 0.00 .00 0.00 0,000 0.000 0.000 -0.161 .00 8.00 Q.00 0.000 0.000 0.000
72.000 -5.963 0.00 0.00 0.00 0.000 6.000 €.000 -0.23 (X 0.00 0.00 0.000 0,000 6.000
T4.000 -8.002 0.00 0.00 0.00° -0.000 . 0.000 0.000 -0.387 .00 0.00 0.00 0.000 0.000 0.000
16.000 -6.105 0.00 0.00 0.00 0.000 0.000 0,000 -0.510 0.00 0.00 0,00 0.000 0000 ©.000
78.000 -0.170 0.00 0.00 0.00 0.000 0,000 €.000 -0.05% 0.00 0.00 0.00 0.000 0,000 ¢.000
80.000 -8.251 0.00 0.00 0.00 0.000 0.000 6.000 -0.600 0.00 0.00 0.00 0.000 0,000 0.000
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DATE; 2 SEPY 1080 41 S b
SUW DESCRIPTION:  RRAMPLE 1: BASiC SLED YUSY SIWULATION
TV BELY EARNESS WITH BYPERELLIPSOID FOB DASE BQARD PAOE: 35.0L
YZRICLE DECELERATION:  SLED ACCRLERATION - 200 PIMX
CRASE WICTIN:  9SYH PERCENTILE WAL
CONTACT FORCES - SEICMENT PANELS V3. STGMENYS

PIYEL 10 (RUDDER PADALS. } ¥, SEGMEY I} (LF )

DEFL- BORMAL FRICTION RESULTANY CONYACT LOCATION { IN.)
T ICTION  PORCE  FORCE  FORCK (V51 MFINKE)
08100 (10) (W) (18) (1b) 1 1 1

0.000  0.002 0.08 0.00 0.08 $1.1 -3.420 -3.280
3.000 0.001 0.07 0.01 0.07 5133 -3.420 -3.%80
1.000  0.002 o.n 0.04 0.12 51230 -3.420 -).2%
8.000  0.005 0.29 0.14 0.37 SL.20 -3.020 -3.287
8.000 0.0)0 0.73 (R 0.83 S1.M5 -3.420 -).201
10.000 0.010 1.60 0.80 1,718 51,284 -3.420 -3.%08
12.000  0.031 2.07 1.3 1.8 51.200 -3.430 -3.308
14.000  0.048 410 .09 .50 51,284 -3.420 -3.31)
18.000  ¢.970 5.93 1.98 6.83 51.306 -3.420 -3
19,000  0.008 818 {.09 9.15 SLIW -3.420 -3.365
0.000 0.178 1370 6.85 1501 $1.386 -3.420 -3.00)
22,000  0.165 2047 1023 22.80 51.406 -3.420 -3.438
2.000 0.206 20.206 1413 LA SLeM 3420 -3
20,000 0.250  38.58  19.20 4314 L4809 -3.420 -3.406
20000  0.200  t9.45 .73 35.29 S5L.503 -).420 -3.507
30.000  0.340  60.89 3030 07.85 SL.S1 -).420 -3.5013
32,000 0.3 72.20 MLI4 80.82 51,910 -3.420 -3.510
30000 0.444  133.80 00,80 140.37 S51.919 -3.420 -3.520
38.000  0.483 188.00 94,05 210.20 S51.519 -3.420 -3.520
38.000  0.507  219.7¢  100.87 245.88 S31.315 -).420 -3.518
40.000  0.51¢  1210.05 108.0 155 51.500 -3.420 -3.51)
42,000 0.515 213,02 106.51 238.18 SL.497 -3.421 -).501
44,000 0.514 212,01 100.00 237.03 S1.402 -3.471 -4
16000 0514 211,80 10595 230.00 S1.405 -3.423 -3.475
46.000  0.514  212.07 108.04 237.10 S).448 -3.425 -3.4%¢0
50.000 0.511 20770 103.8% 232.27 91.42% -3.417 -3
$2.000  0.408 19037 9518 212.83 51.300 -3.030 -3.40
54.000  0.471  15S5.81  77.80 173.67 S1.301 -3.43% -3.3e8
56.000 0.438 107.02 5300 J20.88 5).300 -3.438 -M32
$8.000 0.305  S0.00  20.50  65.97 Si.288 -3.47 -0
60.000  0.353  50.53 25.27  %6.50 S$1.250 -3.430 -3.3012
82.000  0.307 4143 2073 48.32 Sl1.268 -3.438 -3.317
04.000 0.268 3360 1887 3781 51307 -3.438 -3.400
06.000 0.230 2090 1348 30.07 S1.514 -3.400 -V %18
68.000 0.200 2005 10.02  22.41 S51.657 -3.42% -3.607
70.000  0.359 13.90 895 15.5¢ 51813 -J4y -3.167
T2.000 0.1N2 8.75 n 1.5% 5).977 -3.303 -3.90)
T4.000  0.058 1.00 1.40 313 82,128 -3.368 -1.002
10.000 -0.008 0.00 0.00 0.00 0.000 0.000 0.000
78.000 -0.077 0.00 0.00 0.00 0.000 0.000 0.000
80.000 -0.141 0.00 0.00 0.00 0.000 0.000 0.000




11} B
SUY DESCRIPT!ON:

YEEICLE DECELERATION:

1 51P7 1088

TIAUPLE 1: BASIC SLED TEST SINOLATION

TW BELY MARNESS WITH BYPERELLIPSOID FOR DASH BOARD
SLED ACCELERATION - 200 PEAK

CAASE VICTIN: 9578 PERCENTILE MALE
BARYESS SYSTEM BELY INDPOINT FORCES
LY 0. | OF BARNESS BO. | BILY B0,
pinw. | pieKn. pnK 13
e STRAID roRcs sTuls FosCt sl FORCE
(SEC) (7)) cm/m) (W) (/1) (18
0.000 0.000000 0.00 0.000000 0.00 0.000000 0.00
2.000 0.000025 8.37 0.000017 0.2% 0.000014 0.
4.000 0.000119 1.1 0.00008% 0.08 0.000057 0.83%
0.000 0.000201 “n 0.000150 1.2 0.000124 1.00
8.000 0.000923 1.85 0.000276 18 0.000219 L
10.000 0.00085¢ 12.81 0.000438 6.57 0.000338 5.04
12.000 0.001023 15.14 0.000481 1.1 0.000344 5.10
14.000 0.001320 19.80 0.000518 ™ 0.000433 0.50
16.000 0.001672 25.00 0.00055) 0.2 0.000400 .4
18.000 0.001420 1.3 0.000400 (N 0.000404 8.08
20.000 0.001831 17.48 0.000484 7.20 0.000400 1.48
23.000 0.00236) 5.6 0.000817 9.26 0.00004) 0.65
24.000 0.003085 6.7 0.000877 13.1% 0.000021 13.81
26 000 0.004040 80.5! 0.001215 .22 0.001284 19.28
18.000 0.006003 90.05 0.001724 25.0% 0.001768 10.52
30.000 0.000472 142,08 0.00225¢ AAN M 0.002429 n.u
32.000 0.013079 200.69 0.003240 ®sn 0.004372 05.50
34.000 0.019790 298.05 0.004754 n.y 0.008401 126,02
Jo.000 0.028140 392.20 0.00712¢ 106.80 0.0163)4 275.01
38.000 0.032200 404.00 0.01081 102,48 0.030190 8.0
10.000 0.037800 008.17 0.031023 318,38 0.040241 654.02
41.000 0.043083 m.n 0.036025 510.4 0.050248 803.00
44.000 0.048343 210.05 0.053058 1034.40 0.000539 1400.57
46.000 0.053827 1052.84 0.071518 1900.44 0.072248 2020.17
18.000 0.05527) 1120.35 0.087303 2830.23 0.056458 192,15
50.000 0.058800 1318.42 0.008307 3410.27 0.085788 1685.80
51.000 0.¢04710 1629.01 0008688 3430.40 0.008526 1831.86
54.000 0.072120 2021.35 0.087992 2663.56 0.074517 152,58
56.000 0.076088 1.5 0.071080 1968.07 0.075155 2183.20
58.000 0.07049 0483 0.040518 010.31 0.009780 1898.82
60.000 0.061993 §485.61 0.02635¢ 305.38 0.082533 2576.8¢
81.000 0.047024 700.48 0.0051%¢6 R 0.032040 490.80
64.000 0.0281M 111.6¢ 0.000000 0.00 0.024499 387.48
60.000 0.007038 105.57 0.%00000 0.00 0.00823) 03.48
68.000 0.000000 0.00 0.000000 0.00 0.000000 0.00
10.000 0.000000 0.00 0.000000 0.00 0.000000 0.00
12.000 0.000000 0.00 0.000000 0.00 0.000000 0.00
T4.000 0.000000 0.00 '0:000000, 0.00 0.000000 0.00
78.900 0.000000 0.00 0.000000 0.00 0.000000 0.00
78.000 0.000000 0.00 0.000000 0.00 0.000000 0.00
80.000 0.000000 0.00 0.000000 0.00 0.000000 0.00

213

Pict

PAOE: 36.01

107 RARNESS BO. |

K. 7

STRAIN FOXCE
CInsm) (L)
0.000000 0.00
0.000018 0.7
0.000152 .
0.000470 7.4
0.001018 19.27
0.001803 n.0
0.00245¢ 36.01
0.003108 41.52
0.003856 57.84
0.003427 51.4)
0.004278 0.1
0.005479 1.1
0.019000 28812
0.021038 315.83
0.027040 410,10
0.035107 504. 1
0.023871 355.08
0.070885% 312,07
0.02501% 375,38
0.039302 030.04
0.050100 1178.59
0.075150 2182.96
0.084807 1030.5)
0.084525 079.8
0.103787 AN
0.003083 ns.el
0.107224 3751.68
0.002030 J100.84
0.080018 2017.94
0.084438 2075.23
0.00363 3N8.22
0.080107 17103.60
0.005383 1083.72
0.051787 044,60
0.037982 609.25
0.022501 N8
0.0111) 190.67
0.000159 92.30
0.000000 0.00
0.000000 0.00
0.000000 0.00




DATE:
B0% DESCRIPYION:

VEBICLE DECELERATION:
CRASE YICTIM:

2 SEPT 1988
SIANPLE 1:

COBYACT FORCES - SEQMENT NO.

BASIC SLED TESY STMULATION
1% BELY HABNESS WiTH GYPERELLIPSOID FOR DASE BOARD
SLED ACCELERATION - 200 PEAX
9578 PESCENTILS AL

DEFL- SORMAL FRICTION RESULTANY

TIME ECTION  FORCE
(sic) IRy (LB

p.000 0.0%0 000
2.000 0.000 0.0¢
§.000 0.000 0.00
8.000  0.000 0.00
s.000  0.000 0.00
10.000  0.000 0.00
12.000  0.000 0.00
14.000  0.000 0.00
18.000 0,000 0.00
18,000 0.000 0.00
20.000  0.000 0.00
22.000  0.000 0.00
1.000 0.000 0.00
20.000  0.000 0.00
28,000  0.000 0.00
Jo.c00  0.000 0.00
32,000 0.000 0.00
34,000  0.000 0.00
38.000  0.000 000
30,000  0.000 000
40.000 0,000 0.00
42,000 0,000 0.00
44,000 0.000 [
10.000 0,010 1.0
48.000  0.000 0.00
50.000  0.000 0.00
51.000  0.000 0.00
54,000  0.000 0.00
56.000  0.000 0.00
58.000  0.000 0.00
60.000  0.000 0.00
82,000  0.000 0.00
0¢.000  0.000 0.00
66.000  0.000 0.00
60.000  0.000 0.00
70.000  0.000 0.00
72.000  0.000 0.00
74.000  0.000 0.00
76.000  0.000 0.00
78.000  0.000 0.00
80.060  0.000 0.00

FORCE
(8.}

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.10
0.90
0.00
0.00
4.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

FORCK  Sf0,
(18.) 1

0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0,000
0.00 0.000
0.00 0,000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
4.5 2.018
3.13 2,038
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.0v0
0.00 0.000
0.00 0.000

0.00 - 0.000,

000 0.000
0.00 0.000

COFTICT LOCATION { 1X.)

2 LOCAL REFERENCE

1

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
$.305
5.300
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
9.000
0.000
0.000
0.000
0.000
8.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
8.000
0.000
0.000
0.000
0.000
<1740
-1
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1

Z

SEG. 13 LOCAL REFERENCK

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
¢.000
0.000
0.000
0.000
9.000
0.000
0.000
-0.07%
-9.80)
0.000
0.000
0.000
0.900
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.600
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.800
0.000
-0.809
-0.803
0.000
0.000
0.000
0.000
9.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

110 ¥S, SEENT 30, 13 ( M)

4

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-1.908
-7.90)
0.00"
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

PI0L: 37.00

rhot

]




DATE: 2 SPY 1988 1 S M
RUN DESCRIPTION:  REANPLE ): DASIC SLED YEST SINOLATION
T BELY NARNESS WITR NYPIRELLIPSOID FOR DASE BOARD Mak: 38.01

VERICLE DECELERATION:  SLED ACCELERATION - 206 PEAX
CRASH TICTIN:  G5TH PERCENTILE MALL

CONTACY FORCES - SEGMERT 30. 2 ( CT ) VS, SEQMENT 0. 15 ( LLi)

DEFL- SORMAL FRICTION RESULTANY COFTacT Locarion ( 18}
TIM  §CTION  FORCT  FORCT  FORCE SEG. 2 LOCAL REFERENCE  SEO. IS LOCAL RSFEREXCK
(sECH  (I0)  (LB.) (LB (L) I 1 z I | { 4

0.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
2.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
4.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
6.000  0.000 0.00 0.00 0.00 0,000 0.000 0.000 0.000 0.000 0.000
8.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
10.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0,000 0.000
12.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
14.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
16.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 6.000 0.000
18.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
20.000  0.000 0.00 0.00 0.00 0.000 0,000 0.000 0.000 0,000 9.000
21,000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.006 0.000
20,000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
20.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
28.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
30.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
32.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
34000 0.000 0.00 0.00 0.00 0.000 6.000 0,000 0.000 0.000 0.000
30.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
38.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
40.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 6.000
12.000  ¢.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
14,000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
16.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
48,000 0,000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
50.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
52.000  0.000 0.00 0.00 0.00 0,000 0.000 0.000 0.000 0.000 0.000
54.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
50.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 ¢€.000 0.000
58.000  0.000 0.00 0.00 0.00 0.000 0.000 0,000 0.000 0.000 0.000
60.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
62.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0,000 0.000
64.000 0.000 0.00 0.00 0.00 0.000 0.000 0,000 0.000 0.000 0.000
66.000  0.000 0.00 0.00 0.00 0.000 0.000 ¢.000 0.000 0.000 0.000
68,000  0.000 0.00 0.00 0.00 0,000 0.000 0.000 0.000 0.000 0.000
70.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
72.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
74.000  0.000 0.00 0.00 0.00 - 0.000 0.000 0,000 0.000 0,000 0.000
76.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0,000 0.000
76.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
80.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
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DATE:
20W DASCRIPTION:

VERICLE DRCSLERATION:
CRASH VICYIN:

DEFL- BORMAL FRICTION RESTLYANY
ma ICTIon  FoRCE

1 5IPT 1088
LIAMLE 1 BASIC SLED TUST SIWLATION

190 BILY BARNESS wiTH ETPERELLIPSOID FOR DASE BOARD

SLED JCCELERATION - 200 PRAX
9571 PERCINVILE MiLR

CONTACY FORCES - STGMENT BO. & { BUL) VS. SEGMENT 0. 13 ( MLD)

(MSEC)

0.000

2.000

¢.000

0,000

8.000
10.000
12.000
14.000
16.000
18.000
20.000
11.000
24.000
28.000
28.000
30.000
32.000
34.000
38.000
38.000
40.000
42,000
44,000
48.000
18.000
50.000
52.000
54.000
56.000
58.000
00,000
61,000
84.000
080.000
66.000
70.000
72.000
74.000
76.000
18.000
80.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
9.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

(L8 (18) (1B) 1 1 1
0.00 0.00 0.00 0.000 0.000 9.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0,000 0.000
0.00 0.00 0.00 0.000 0,000 ¢.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 ¢.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0,000
0.00 0.00 0.00 0.000 0,000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0,000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 ¢.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0,000 0.000
0.00 0.00 0.00 0.000 0,000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0,000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 -0.000. 0.000 ¢.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 ¢.000 0.000 0.000
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0.%00

CONT4CY LOCATION ( 10.)
FORCE  FOBCT SEC. O LOCAL REFERLWCE  $34. 13 LOCAL BEFERENCE

1

8.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
9.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
6.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
.000
0.000
0.000
0.000
9.000
0.000
0.000
8.000
0.000
0.000

raag: 30.00
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DATE: 1 5KPT 1008 41 S
307 DESCRIPYION:  SRAMPLE 1: BASIC SLID YEST SIWULATION
190 BELY RAREESS WITR NYPRRELLIPSOID FOR DASE DOARD PiaE: 40.0)
VEGICLR DECELERATION:  SLED ACCELERATION - 100 PRAX
CLASE VICTIN: 95T PERCENTILE MiLR

COFTACT FORCES - SEGMENY JO. @ ( LUL) VS, SECMENY 30, 1S ( LLA)

OEFL- BORMAL FRICTION RESTLTANY COWTACY Locatios ( 10.)
TIM  OCTION  FORCE  FORCE  FOBCE  SEQ. O LOCAL MEFERENCE  SE0. 15 LOCAL REFERENCE
(SEC) (18.) (LB) (L) (W8) I 1 ) 1 1 1

0.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
2,000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
4.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
8.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
16.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0,000 0.000
12,000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
14.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
16.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
18.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
20.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
22.000 0.000 0.00 0.00 0.00 0.000 6.000 0.000 0.000 0.000 0.000
20,000 0.000 0.00 0.0 0.00 0.000 0.000 0.000 0.000 0.000 0.000
20,000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 9.000
20.000 0,000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
30.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
32.000  0.000 0.00 0.00 0.00 0,000 0.000 0.000 0.000 0.000 0.000
36,000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
36.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
J8.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
$0.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.300 0.000
12.000 0,000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
44.000 0,000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0,000
46.000 0,000 0.00 0.00 0.00  0.000 0.000 0.000 0.000 0.000 0.000
10.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
50.000  0.000 0.00 0.00 0.00  0.000 0.000 0.000 0.000 0.000 0.000
$2.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
50,000 0,000 0.00 0.00 0.00  0.000 0.000 0.000 0.000 0.000 0.000
56.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
$8.000  0.000 0.00 0.00 0.00 0.000 0.000 ¢6.000 0.000 0.000 0.000
60.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
62.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
64.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0,000 0.000 0.000
86,000  0.000 0.00 0.00 0.00 0.000 0,000 0.000 0.000 0.000 0.000
88,000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
70.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0,000
72,000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0,000
74,000 0,000 0.00 0.00 0.00 * 0.000. 0.000 ¢.000 0.000 0.000 0.000
70.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
78.000  0.202 131.75  33.19  §30.8¢ 1.220 -L.M8 10.400 1120 o0.058 0.8
80.000  0.885 320.84 8048 33175 1.006 -1.142 10.037 -1.010 0083 0.72%
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DITL: 2 SEPT 1980 /10 S
300 DESCRIPYION:  ILAMPLE 1: BASIC SLED YEST SIWLATION
TV BELY HARNESS WITR BYPERELLIPSOID FOR DASE POARD PacE: 41.01

VIRICLE DECELERATION:  SLED ACCELERATION - 20G P2dK
CRASH TICTIN: 9578 PRRCENTILE WAL

COBTACT FORCIS - SEOMENT 0. 13 ( BLA) VS, SEGAGWY §O. 18 (VER )

DEFL- FORMAL FRICTION RESTLTANY CONTACY vOCAtTION ( IN.)
&  ICTION  FORCE  FORCE  FORCK  SEQ. 13 LOCAL REFIRENCE £80. 16 LOCAL RIFERENCK
oste) (1) (s (W) (Lb) 1 ! 2 1 ! 4

0.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
2.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
4.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
6.000 8.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
8.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
10.000  0.000 0.00 9.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
12.000  0.000 9.00 0.00 0.00 0.000 0.000 0.000 6.000 0.000 0.000
14.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
16.000  0.000 6.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
18.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 6.000 0.000 0.000
20.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
12.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 @.000 0.000
21,000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
20.000 0.000 0.00 0.00 0.00 06.000 0.000 0.000 0.000 0.000 0.000
28.000  0.000 .00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
J0.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
32.000  0.000 0.00 0.00 0.00 0.600 0.000 0.000 0.000 0.000 0.000
34.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
38.000 0.000 0.00 6.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
38.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
40.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
42.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
44.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
48.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
48.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
50.000  0.000 0.00 0.00 0.00 0.000 0.000 ©.000 9.000 0.000 0.000
52.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0,000 0.000
54.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 6.000 0.000 0.000
56.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
58.000  0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
60.006  0.000 0.00 0.00 0.00 0000 0.000 0.000 0.000 0.000 0.000
02.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.009
64.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 ©.000 0.000
00.000  0.000 0.00 0.00 6.00 0.000 0.000 0.000 0.000 0.000 0.000
00.000 0.717 W19 1.3 TM LM 0433 .75 32371 4.500 -23.2
70.000 0.406 103.03  06.51 215.81 1.851 0.428 3.ll0  J2.482 9.708 -23.329
72,000 0.871 44483 222.41 497.33 1.602 0.408 J.50¢  32.540 4,820 -23.401
79000 0.627 38271 18136 405.53. 1.587 0.388 3.050 31513 6.9201 -23.00)
76.000 0.420 87.00  43.50  97.21 1.600 0.370 4.164 37400 7.003 -13.320
78,000 0.210 2300 11.05  26.71 1.612 0.35¢ 4440 3031 T.070 -23.200
80.000  0.103 5.48 1.13 0,10 1.608 0.342 4.777 322586 7.143 -2).200
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DATE: 7 SEPY 1980

0¥ DESCRIPTION:  EIAMPLE 1: DASIC SLED YEST SIMOLATION
TV BELY HARNESS WITH SYPRRSLLIPSOID FOR DASE BOARD

VERICLE OSCELERATION:  SLED ACCILERATION - 200 PEAX

na
(BEC)

0.000

2.000

4.000

6.000

8.000
10.000
12.000
14.000
16.000
18.000
20.000
21.000
24.000
26.000
28.000
30.000
31.000
34.000
36.000
38.000
40.000
12.000
44.000
18.000
8.000
50.000
52.000
54.000
56.000
58.000
40.000
82.000
64.000
66.000
08.000
70.000
72.000
74.000
76.000
78.000
80.000

DEFL-
icrion
()

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
§.000
0.000
0.000
0.000
0.000
0.51
0.804
0.907
0.708
0.583

CRASS VICTIN:  OSTR PERCENTILE MALE

COPTACY FORCES - SEGMENY 20. 15 ( LLA) V5. SEGMENY BO. 16 (VIR )

JORMAL FRICTION RESULYANT
(W) (L8 (L8} 1 ! z

0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.00
0.00 0.00 0.00 0.000 0.000 ¢.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0,000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 ¢.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 6.000
0.00 0.00 0.00 0.000 0.000 ¢.000
0.90 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 4.000
0.00 0.00 0.00 0.000 0,000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.0 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0,000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.0 0.00 0.00 0.000 0,000 0.000
0.00 0.00 0.00 0.000 0,000 0.000
0.00 0.00 0.06 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
0.00 0.00 0.00 0.000 0.000 0.000
26,73 1337 5340 1755 0.307  0.65)
610.21 305.10 682.33° 1.713 0,298 0.5)7
73613 368.06 813.017 1.660 0.281 0.427
$00.20  205.10 650.86 1.720 0.203 0.20¢
303.7¢  151.87 330.60 1.758 0.24¢ 0.157
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0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
9.000
0.000
0.000
0.000
0.000
0.000
0.000

CONTACY LOCATION i 1B.)
JORCE  FORCE  FORCE  SEQ. 1S LOCAL REFERENCK  SEQ. 16 LOCAL REFERRKCE

!

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.008
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

Z

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
8.000
0.000
0.000

-8.119 -23.311
-8.130 -23.430
-8, 147 -23.488
-8.178 -23.450
-6.324 -23.368

MA: 11.0]

ot

[




11C, ESI AND CSI RESOLYS
FILd THJORY CRiTERION

BC e« 192.48 TIME DURMTION = 52.000 T0  65.000 ISIC
WITH ERAD RESULTANTS =  25.444 4D  25.46¢ @S

AVERAGE EEAD RESULTANT FOR TIME DORATION »  §6.574 0'S
ERAD SEVERITY INDIX
B« 245.20
WA ERAD DESTLTANT = 05.706 'S AT  60.000 MSIEC
CREST SKVERITY 100K
CS1+ M0

MAY CHEST DESULYANY »  )46.473 0°S 4T 59,000 MSIC
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TLAPSID CPU Y1 »

W1
{114
caals
Lot
pim
{1108
DalY
SEYUrt
conct
pLILY
stasea
EBELY
s
siTn
DAOIL)
pao?
DAUT22
FSUsoL
ouUtroY
oedart
irroes
zr
postrl

10%iL

cauLs

111}
L1l
(1
568
03
48
423
5313
2898
1om2
193
LLM
483
18)
8
10717
8
L1
(1]
18

291.45 SIC0MD8

ne

155
308
832
”
L1}]
n
1056
100
(L]}
7nu
2029
4385
191
197
15602
878
n
3088
107
LM
b1
(}H)
1149

0148

1

0.53
1.0%
1.08
0.10
3.0
3.0
1.61
2.6
1.51
1.1
6.96
15.05
6.59
0.54
5.6
.3
1.7
13.68
2.43
0.18
13.1%
1.58
3.9

100.00
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APPENDIX B

SLLIP JOINT AND WIND FORCE EXAMPLE

This example ATB input and output is of two segments connected by & slip

joint, and exposed to wind forces.
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FEB. 4, 1988 0 0 0.0
EXAMPLE 2: DYNAMIC JOINT TEST
SLIP JOINT / 600 XNOT WIND
IN. LB.SEC. 0.0 0.0 386.088 0.0
4 20 0.002 0.0005 0.001 .000063
10202000000000000016000000010001
2 1 95TH PERCENTILE MALE
LARM L 5.901 .3331 .3331 .0214 1.871 1.87110.269 0.000 0.000
UARM U 5.542 .1743 .1743 .0259 2.122 2.122 7.497 0.000 0.000
ELBWE 1 5 0.00 0.00 8.20 0.00 0.00 -5.42 1 0.00
0.00 0.00 0.00 0.00-67.19 0.00
.00 .00 .00 .00 .00 .00 .00 .00 .00
0.0 0.0 30. 0.0 0.0 0.0 0.0
.00 .00 .00 .00 .00 .00 .01 .01 .001 .00l
.00 .00 .00 .00 .00 .00 .01 .01 .00l .00
CONSTANT WIND VELOCITY OF 600 KNOTS
0.0 0.0 0.012161. 0.00 0.00 0.00 0.00 -3 0.0
2 1 3
0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 12161.000 0.000 0.000
2.300 0.000 0.000 12161.000 0.000 0.000
4.600 0.000 0.000 12161.000 0.000 0.000
1 0 0 0 0 0 0 | 0 0
1 WIND PLANE
10.0 10.0 5.0
~10.0 10.0 5.0
10.0 -10.0 5.0
o o o o0 o0 O O O o0 O O o0 O o0 o
999
i WIND FORCE
1.4000 13404.0000 14.6960 1 3
0
o 0
0
1 1
-1 1 3 1 1 0 122
-2 2 3 1 1 0 111
0.0 0.0 0.0 0o 0 o0 0 1
0.66000 0.00000 -18.98000 0.0 0.0 0.0
0.00 -2.00 0.00 0.00 0.00 0.00
0.00 -2.00 0.00 0.00 0.00 0.00
0
0
3 2 1 0.0 0.0 8.20
1 2 0.0 0.0 -5.42
4 2 0.0 0.0 0.0
0
0
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CARD

CARD

CARD
0000 O 1CARD
CARD
CARD
CARD
CARD

0.000
0.000
0.00

.O0CARD
CARD
.Q01CARD
.00CARD

.001
.00
2.30 OCARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
1 OCARD
OCARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD

0.000
0.000
0.000
0.000

AlA

A3
A4
AS
Bl
B2A
B2A
B3A

B4
BS
B6
B6

C2A
Cc28B
C5

C5

cS

CcS

D1

D2A
D2B
D2C
D2D
D7

El

EGA
E6GB
FlA
F3A
F4A
F7A
F7B
F7B
GlA
Gza
a3a
a3a
HiA
H1B
H2A
H2B
H3A
H3B
H3B
H4

HS




(=T S ]

—
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CARD H6
CARD H7
CARD H8
CARD H9
CARD HI0
CARD H11




ANGL ARTICOLATED TOTAL BODT (ATB) WODEL PAGR

DEVELOPED BY CALSPAN CORP., P.0. BOT 400, BUFFALO NY 14225
AUD BY J8J TECHNOLOGIES 1NC., ORCHARD PARK, MY 14127

FOR YHE AIR FONCE ARMSTRONG AEROSPACE MEDICAL RESEARCH
LABODATORY, WRIGHT PASTERSON AID FORCE BASE
OVDER CONTRACTS FIJ815-75C-5002,-78C-051” AND -80C-05117

YD FOD THE NATIONAL BIGBWAY TRAFFIC S.FETT AOMINISTRATION,
0.S. DEPARTMENY OF TRANSPORTATION, UWER CONVRACTS
FH-11-7592, BS-053-2-483, KS-0-01300 AND HS-6-01410.

PROGBAN DOCUMENTATION: WHTSA ".PORT N0S. DOT-HS-801-507
THROUGH 510 IFORMERLY CALSPAN BEPORT ¥O. 7Q-S)60-L-1),
AVATLABLE FROM WTIS (ACCESSION 30S. PB-241682,3,4 N0 5),
APPENDIZES 4-J 70 THE ABOVE (AVAILABLE FROM CALSPAV),
AVD REPORT MOS, MMRL-TR-75-14 (NTIS X0, AD-1014 810),
AFAMRL-TR-80-14 (NTIS MO. UD-ACG8 029), AND
AFANBL-TR-63-073 (NT{S NO. 4D-BO7Q 184},

PROGRAM A78- (¥, EXECUTED OF THE ANEL/BB CONCUBRENT
J250 COMPUTER, WRICHY-PATTERSON AFB, ORIO

i, 4, 1988 IBSIN- 0 1RSOUT: O RSTIE = 0.0000 CARDS 4

ETANPLE 2: DYNAMIC JOIUY TEST
SLIP JOINT /7 800 R¥OT WIND

Uit « 1. UITM = LB, it? = SEC. GRAVITY VECTOR « { 0.0000, 0.0000, 386.0880) G : J88.0880

ne: o NSTEPS = 20 0T =0.001000 H0 =0.000500 BWAT =0,001000 AIE :0.000083

¥PRT ARRAY

123 ¢5 67 8 01213 510171919202)2223242528271 20303132333 135)8

1 02 200000 000C0O0CO0OCO0IIO0O0O0O0CO0CLD0O0I1 0001 00O0CO0COC 1
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CRASE YICTIN 9518 PERCENTILE WALE 2 SEGMENTS [ JOINTS

PRINCIPAL MOMEWTS OF IWEBTIA SEGMENT CONTACT ELLIPSOID

SEGMENT WEIGHTY { L. -SEC.ve2- [N} SEMIALES ( IN.) CENTER ( 1N}

[ SYMPLOT (LB} 1 1 4 I 1 1 I 1 i

1 LARM L 5.901 0.3331 0.3331 0.0714 1.071  1.871 10.269 0.000 0.000 0.000
206 U 5.542 0.1743  0.174)  0.0250 .11 1.1 am 0.000 0.000 0.000
Joiwr LOCATION( IN.) - SEG(JNT}  LOCATION{( i¥.) - SEG(Je¢ll PRIB. AXIS(DEG) - SEG(.4TI
J STW PLOT WY PIY I Y 7 1 1 4 1w PITCH BOLL
1 ELB® E 1§ 0.000 0.000 8200 0.000 0.000 -5.420 0.00 0.00 0.00

ONLOCK COWDITIONS FOR SLIP JOINTS

JOINY  TENSION  COMPRESSIO¥
{18} (18.}
| 0.000 0.000

227

PAGE 2

CARD B.1

CARDS 8.2

PRINCIPAL RXES (DEGI
A PITCR ROLL
0.00 0.00 0.00
0.00 0.00 0.00

CARDS B3
PRIN. AXIS(DEG) - SEGLJ+ 1)
A P11ca BOLL
0.00 -87.10 0.00




JOINT TORQUY CHABACTEBISTICS
FLETURAL SPRING CHARACTERISTICS

SPRING COEF. { 13, LB./DEQen)) LUERQY Jolm

LI
CARDS B.4

TORSIONAL SPRING CHARACTERISTICS

SPRINO COEF. ( 1¥. LB./DEGu)) EDERGY Joiny

oir LIDEAR  QUADRATIC coBIC  DISSIPATION STOP LIBEAR  QuipmAtIC CUsIC  DISSIPATION STOP
=1} J:2) 3:3) COEf. (DEG) (Js1) {J:2) 33 COEF. (0EG)
1 ELBY 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
(3205 B.5
JOINT ¥ISCOUS CHARACTERISTICS AWD LOCK-UNLOCK CONDITIONS
115C00S COTLOVB FULL FRICTION WAT YORQUE FOR  MIN TORQUE FOR  MIN. ANG. VELOCITY IMPULSE
Joinr COEFFICIENT  FRICTION COEF. ANGOLAR VELOCITY 4 LOCKED JOINT  UNLOCKED JOINT  FOR OWLOCKED JOINT  RESTITUYION
{ 1b. LB.SEC./DEG) ( (0. L8.) (DEG/SEC.) {1 L8} (18, 18.} {84D/5EC.) COEFSICIENT
) ELBY 0.000 0.00 30.00 0.00 0.00 0.000
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SEGMENT
1. SN

1 Liky
2 UARM

SEGMENT 1WTEGRATION CONVERGENCK TEST lmPUY

ANGULAS YELOCITIES
(BAD/SEC.)
NAG. A8S, BEL.
TEST  EKROR  ENROR

0.0000
0.0000

0.000  0.000
0.000  0.000

LINEAR VELOCITIES

{ 10./8EC.)
WAG. 18§. BEL.
TEST  ERROR  ERROR

0.0000
0.0000

0.000 0.000
0.000 0.000

229

ANGULAR -ACCELERATIONS
{RAD/SEC.492)
0. ABS. REL.
TSt ERROR  ERROR

0.0010
0.0010

0.010 0.010
0.010  0.0l0

PAGE
CARDS 8.0

LINEAR ACCELERATIONS
( 14./SEC. 942}
NAQ. ABS. REL.
TES?  ERROR  ERROR

0.0010
0.0000

0.001  o0.001
0.000  0.000




YEHICLE DECELERATION IBF

jut]

CORSTANY Wi¥D VELOCITY OF 800 KNOTS

pivce
0.000

Ty
0.000

SPLINE FIT TABULAR 1NFUT

LTYPE = 2 LFIY s

TIME(SEC. )+ 0.0000

TIE(SEC.)
0.00000
2.30000
4.80000

s
12161.000

SoLL
0.000

[ 1ot I 3

T
0.000

THITIAL LIVEAR POSITION ( IN.)

I: 0.000 T2 0.000 2+
LINEAR VELOCITY ( [N./SEC.)

1 ! 1
0.000 0.000  12161.000
0.000 0.000 12161.000
6.000 0.000  12161.000

0.000

230

1040
0.000

(34
0.000000

10(Z)  NATAB
0.000 -}

10N
0.000

NITIAL AYGOLAR POSITION (DEG)

1 0.000 1= 0.000 2- 0.000
AVGOLAR TELOCITY (DEO/SEC.)
1 1 1
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000

PAGE
CARDS €

a7
2.300000

U]
0




YERICLE LINEAR TIME RISTORY  CONSTANT WIND VELOCITY OF 800 KNOTS

TIE
{MSEC)

0.000
2300.000
4600.000

LIWEAN DECELERATIONS (G'S)
H 1 4

0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000

LINEAD YELOCITIES ( 1N./SEC.)
1 ! Z

0.000 0.000 17101.000

¢.000 0.060  12181.000
9.000 0.000 12161.000

231

PaGE
PAGE ¥O. |

LIMEAR DISFLACEMENTS ( 10.)
1 ! z

0.000 0.000 0.000
0.000 0.000 27070.200
0.000 0.000  55040.800




YEBICLE ANGULAD TIME BISYORT  CONSTANT {ND VELOCITY OF 000 XNOTS

He ANGULAR ACCELERATIONS (DEG/SEC.402) ANGOLAR YELOCITIES (DEG/SEC.)

(MSEC) 1 T 4 ] 1 )
0.000 0.000 0.000 0.000 0.000 0.000 0.000
2300.000 0.000 0.000 0.000 0.000 0.000 0.000
1800.000 0.000 0.000 0.000 9.000 0.000 0.000
232

PAGE

PAGE ¥0.
AVGOLAR BISPLACEMENTS (DPEG)
v hTCH B0LL
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000




SPL UBLY BMAG TILP
1 ¢ 0 ¢’
PLANE [NPOTS
PLAVE 0. ) WIND PLANE
| ¢ 1
POINY | 10.0000 10,0000
MIe 2 -10.0000 10.0000
poire 3 10.0000  -10.0000

BODY SEGUENT STMAETAY 1¥P0T
Seguo. 112

s o 0

L)
0

ISD DRANSS EWIBDF WUNTP  GFONCK

z
5.0000
5.0000
§5.0000

}
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PAGE
CARD D. 1

CAR0S 0.2

CARD 0.7

B




WIND FORCE FURCTION RO, | WIND FORCE nys: | PAGE  §
CARDS £.0

SPEC. HEAY BATIO  SOWIC VEL.  #BS. PRESS. seGaair REF. SEGMENY
1.4000 134040000 14.6960 ILARN JVEH

234




SLLOWED CONTACTS AND ASSOCTATED FUNCTIONS
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SIGMENT W10 FOBCES

SEGUENY-ELLIPSOID  SEGMENY-PLANE

-1- 1 - 1

LARN YEB - WiOD PLAME
2-1 -1
UAgM VER -WiND PLANE

WI¥D FORCE FUNCTION

wiiD FORCE

WD FORCE

236

. DRAG COEFFICIENY
FoscTION

0

PAGE 11
CARDS F.7
BLOCKING
SEGMENTS-ELLIPSOID




SUBROUTINE TNITAL fNPUY

LMD LMY MY N n
0. 0. 0. 0 0 0

INITIAL POSITIONS {INERTIAL REFEMENCE)

SEGMENT LINEAR POSITION ( 1D.)
¥0. 75 I 1 3
1 LARM 0.00000 0.00000  -18.98000
2 UARM 0.18467 0.00000  -5.36830

THITIAL ANGULAR ROTATION AWD VELOCITY

SEGMENTY ABGULAR BOTATION (DEG)

¥0. SEG ({1 pI1ce BoLL

1 LARM 0.00000  -2.00000 0.00000
1 UARM 0.00000  -2.00000 0.00000

TABULAR TISE HISTORT CONTROL PARAMETERS
TYPE XSG SELECTED SEGMENTS OR JOINTS
B1 0
REF
.2 0
REF
83 ) 12
REF 11

-

Hi
55 0
REF
Be 0
REF
8.1 |
REF
e 2
BEF
e 1
BEF

—— D — S
<

13 SPLYI)  SPLT{(M  sPLT(Y)
! 1.00 8.00 1.00

LINEAR VELOCITY ( 1N./SEC.)
1 1 4
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000

AYGULAR VELOCITY (DEG/SEC.)

I 1 4
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
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WATNID PUNCTIONS FOR PIME» 0.000 MSEC ({17 SN
(TMERTIAL) (LocaL} . (LOCAL)
A¥GULAR ROTATION (DEQG) ANGULAR VELOCITY (RAD/SEC.) AVGOLAR ACCELERATION (RAD/SEC.u02)
SEGMENT T pirca BOLL 1 1 z I 1 4
| LARM 0.0000  -2.0000 0.0000 0.00000 0.00000 0.00000 0.000348 7.240052 -0.000315
2 DARN 0.0000  -2.0000 0.0000 0.00000 0.00000 0.00000 -0.000292 22.756331 0.000000
3T 0.0000 0.0000 0.0000 0.00000 0.00000 ©.00000 0.000000 0.000000 0.000000
{19ERTIAL) (I¥EBTIAL) (IWERTIAL}
LIFEAR FUSiTiin ) LISTAR YELOOIRY ( 12./86C.) LINEAR ACCELEBATIONS (G'S)
SEGENT 1 Y [/ 1 ! z 1 Y 4
| LARM 0.08600 0.0000 -l8.0800 0.00000 0.00000 0.00000 0.123040 0.000002 1.323603
1 UARM 0.18¢7 0.0000  -5.3683 0.00000 0.00000 9.00000 -0.131088 -0.000002 2.3
3 TEH 0.0000 0.0000 0.0000 0.00000 0.00000 12161,00000 0.000000 0.000000 0.000000
(FVERTIAL) (LOCAL)
01 ABRAY [ 10./5EC.083) U2 ARRAT (BAD/SEC.042) KINETIC ENERGY
EXTERNAL LIVEAR ICCELERATIONS EITERNAL ANGULAR ACCELEBATIONS (L8.- 1M}
SEGMENT I ! b4 H 4 2 ul¥EaR ANGULAR TOTAL
| LARE  0.0000D+00 0.0000D400 0.5094D+03 0.57081D-03 -06,107740+02 -0.315160-0) 0.00000040.  0.00000D¢00 ©0.00000D+00
7 UARN  0.00000+00 0.0000D000 0.8578D+04  -0.11465D-13 -0.38367D-14 -0.321490-14 0.00000D¢00 0.000000+60 0.00000D+00
TOTAL BODY KINETIC ENERGY
0.000000¢0G 0.000000400 0.00000D200
(1VERTIAL) {TWERTIAL)
JOINT FORCES ( LB.) JOINT P0BQUES ( Iv. LB.) RELATIVE AWOULAR
Joivr 1pi¥ ¢ 1 1 1 1 [/ VELOCITY (RAD/SEC.)
| ELB® 5 +0.7310+00 -0.9410-05 -0.2550-01 0.0000D+00 0.0000D+00 0.00000+00 0.000
DIWY Cowy. TEST 1.000 LARM ANG 4CC 3084, 0.45148-02 0.1473E-05 0.1000E-03 0.1000E-03 0.1000E-05
TESY FRILED 4T TIME »  0.001000 FOR B =  9.000500
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WAIDID FURCTIONS FOR TIMEK: 40,000 MSEC
(1BERTIAL)
ANGULAR ROTATIOR {DEG)
SEGMEWT e PITCH ROLL
| LARM 0.0000 -4.83i12  -0.0023
1 UARM 0.0000 1.908¢ 0.0050
3 VEH 0.0000 0.0000 0.0000
(TNERTIAL)
L1SEAR posITION { 10
SEGMENT ] ! z
1 LARM 0.521% 0.0001 -13.8864
2 UagM 0.3257  -0.000f  -3.6560
AR ] 0.0000 0.0000 §86.4400
(1NERTIAL)

Q1 ARRAY ( 1N./SEC.202)
ETTERUAL LINEAR ACCELERATIONS

SEGMENT H ! z
) LARM  0.7552D-07 -0.87750-08 0.65950+04
7 UARM  0.4609D-03 -0.1224D-08 0.1507D+04
. {1NERTIAL)
JOINT FORCES ( LB.)
Jolyr I°1 1 1 A
I 5 0.4790101 -0.7550-07 0.3860+00

(LocsL}

ANGOLA® VELOCITY (RAD/SEC.)

I 4 4
-0.00364  -2.40086 0.00000
0.00600 2.42703  -0.00004
0.00000 0.00000 0.00000

(1VERTLAL)

LINEAR VELOCIST ( IN./SEC.)

1 ! i
-1.83122 0.01244  255.94¢4)
012663 -0.01310  70.35008
0.00000 0.00000 12161.00000

{LOCAL)
02 ARBAY (BAD/SEC.032)
EXTERYAL ANGULAR ACCELERATIONS
1 1 [/

0.59166D-07 -0.894470-10 0.11024D-13
0.215770400 0.98650D+02 -0.883560-06

(TNERTIAL)
JOTNT TORQUES ( I¥. 13.)
1 1 A

0.0000D+00 0,00000+00 0.0000D+00
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{LOCAL)
ANGULAR ACCELERATION (RAD/SEC.002)

1 H z
0100497 -69.844370 0.000000
0.012320  -49.752471 -0.000001
0.000000 0.000000 0.000000

(1¥EBYIAL)
LINEAR ACCELERATIONS (G'S)

I 1 1
-0.811510 0.001260 17.010222
0.864006 -0.001363 J.o14500
0.000000 0.000000 0.000000

KINETIC ENERGY
(18.- IN.)
LINEAR ANGULAR TOTAL

0.50106D403 0.984830+00 0.502020+03

0.45674D+02 0.513700+00 0.46166D+02
TOTAL BODY RINETIC EWERGY

0.5¢6730¢03 0.14765D¢01 0.548210:03

SELATIVE ANGULAR
VELOCITY (RAD/SEC.)

1.85




PAGE 1S
POSTPROCESSOR COVTROL PARMETERS

Ric 1 BSI rofiy cst rotir
i 0 0
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DATR:
R0 DESCRIPTION:

FEHICLE DECELERATION:
CRASYH VICTIM:

I8, 4, 1908
EIAMPLE 2: DYWAMIC JOINY YEST
SLIP JOIWT / 600 XKNOT ®[¥D
CONSTANY WIND YELOCITT OF 600 XNOTS
95T PERCENTILE MALE
POTT BEL. LINEAR DISPLACEMENT ( IN.)

POINT ( 0.00, 0.00, 8.20) OF POINT { 0.00, 0.00, -5.42) 0¥
SEGMEUT ¥0. 1 - LARM SEGMENY ¥O. 7 - DARM

141 1] 10 UABM REFERENCE IV LARM REFERENCE
{MSEC) 1 1 z BES H ! A RES
0.000 0.000 0.000 ~-5.420 5.420 0.000  0.000 8.200 8,200
0.500 0.000 0000 -5.420 5.420 0.000 0.000 8.200 8.200
0.750 0.000 0.000 -5.420 5.420 0.000 0.000 8.200 8.200
1.000 0.000  0.000 -5.419 5.419 0.000 0000 8.199 B.109
1.500 0.000 0000 -5.447 S5.417 0.000 0.000 6.107 8.197
2.000 0.000  0.000 -5.414 S.4U 0.000 0.000 8.104 8104
3.000 0.000 0.000 -5.405  5.405 0.000 0.000 6.185 8.185
4.000 0.000 0.000 -5.397 5.3 0.000 0.000 8.172 8.172
5.000 0.000 0000 -5.315 5.315 0.000 0.000 8.155 8.155
8 000 0.000  0.000 -5.35¢  5.35¢ 0.000 0.000 8.13¢ B.1M
7.000 0.000 0.000 -5319 5.329 0.000 0.000 8.100 8.109
8.000 -0.001  0.000 -5.209  5.299 0.000 0.000 8.079 8.019
9.000 -0.001  0.000 -5.260  5.266 0.000 0.000 8.0¢6 8.040
10.000 -0.002  0.000 -3.228 5.228 0.000 0.000 8.000  8.008
11.000 -0.002 0,000 -5.185  5.18% 0.000 0.000 7.065 7.965
12.000 -0.003  0.000 -5.138 S5.138 0.000 0.000 7.018 1.018
13.000 -0.005 0.000 -5.087 5.087 0.000 0.000 7.867 7.887
14.000 -0.006  0.000 -5.032 5.002 0.000 0.000 7.812 7.812
15.000 -0.008  0.000 -4.073 49T} 0.000 0.000 .75 1.192
16.000 -0.010  0.000 -4.000 0.000 0.000 0.000 7.888 7.688
17.000 -0.013  0.000 -4.8¢0  (.840 0.000 0.000 7.620 7.620
18.000 <0017 0.000 -4.768  4.788 0.000 0.000 7.548 7.5¢8
19.600 -0.021  0.000 -0.69)  4.69) 0.000 0.000 T7.470 T.4M
20.000 -0.020 0000 -4.610 {610 0.000 0.000 7.389 7.380
21.000 -0.031 0,000 -4.52¢  ASN 0.000 0.000 T7.304 7.304
22.000 -0.038  0.000 -4.435 4.435 0.000 0.000 T7.24 7.24
23.000 -0.045  0.000 -4.341 LM 0.000 0000 7.120 7.120
2¢.000 -0.053  0.000 -4.247 424} 0.000 0000 T7.020 ?.0U
25.000 -0.083  0.000 -4.140 4. 140 0.000 0.000 6.018 6.918
76.000 -0.073  0.000 -4.033 4.0M 0.000 0.000 6.81t 6.81)
27.000 -0.085  0.000 -3.027 J3.003 0.000 0.000 6.700 8.700
28,000 <0.098  0.000 -).807  3.808 0.000 0.000 6.584 6.%8¢
29.000 -0.113  0.000 -).087  ).669 0.000 0.000 6.480  6.48¢
30.000 -0.419  0.000 -3.563  ).565 0.000° 0.000 6.3 8.339
31.000 -0.148  0.000 -3.435 3.438 0.000 0.000 6.700 6.200
32.000 -0.165  0.000 -3.302  3.)08 0.000 0000 6.075 6.05
33.000 <0.188 0000 -J.184 3,170 0.000 0.000 5037 5.0%7
34.000 -0.209  0.000 -3.022  ).0)0 ©0.000 0.000 5.9 5.793
35.000 0.4 0.000 -2.878  2.885 0.000 0.000 5.605 5.645
30.000 -0.281 0000 -2.7M 2.1 0.000 0.000 5.402 5.402
31.000 -0.289  0.000 -2.568  2.584 0.000 0.000 5313 533
38.000 <0.320  0.000 -2.407  2.428 0.000 0000 S.170 S.170
39.000 -0.353  0.000 -2.241 2,269 0.000 0.000 5002 5.002
40.000 -6 389 0.000 -2.071  2.107 0.000 0,000 4.820 4.820
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PaGE: 2).00
POINT ¢ 0.00, 0.00, 0.00} OX
SEGMENT ¥O. 2 - UaRK
1N GR¥D REFERENCE

{ 1 z BES
0.185  0.000 -5.368 53
0.185 0.000 -5.368 5.7
0.185  0.000 -5 367  5.370
0.185  0.000 -5.366 5.370
¢.185  0.000 -5.365  5.368
0.185  0.000 -5.362  5.360
0.185  0.000 -5.356  5.3%9
0.186  9.000 -5.3¢7  5.350
0.187  0.000 -5.338 5.3%
0.187  0.000 -5.3712 5.325
0.188  0.000 -5.308  5.300
0.190 0000 -5.288 5.2}
018y 0.000 -5.268 5.271
0.192  0.000 -5.24¢5 5.2¢9
0.104  0.000 -5.221 5.7
0.196 0.000 -5.19¢ 5.198
0.198  0.000 -5.166 5.170
0.200 0.000 -5.138 S5.130
0.200 0.000 -5.103 5.107
0.20¢ 0000 -5.069 5.073
0.207  0.000 -5.032 5.036
0.210 0.000 -4.003 €.008
0.21  0.000 -4.95) 4.997
0.216 0000 -4.910 4.015
0.218  0.000 -4.865 0.870
0.22)  0.000 -4.819 (.82
0.227  0.000 -€.770 4.775
0.231 0.000 4710 4725
0.235  0.000 -4.667 4.073
0.2 0.000 -4.812 4.618
0.4 0.000 -4.555  4.962
0.248  0.000 -4.406  4.50)
0.25¢  0.000 -4.438 .43
0.259  9.000 -4.373  4.381
0.26¢  0.000 -4.300 4317
0.270  0.000 -¢.243  4.251
0.276  0.000 -4.475  4.184
0.262  0.000 -4.105 4.115
0.28¢  0.006 -4.0)5 4.045
0.296  0.000 -3.962 3.0M)
0.30)  0.000 -).888  3.000
0.310  0.000 -J.813 ).82%
0.318  0.000 -3.735 3.0
0.326  0.000 -3.657 J3.671
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DATE:  PIB. {, 1988

AUR DESCRIPTION:  EIAMPLE 2: OTNAWIC JOINT TEST

SLIP JOINT 7 800 X¥OT WIND

VYENICLE DECELEBATION:  CONSTAWT WIND VELOCITT OF 800 X¥OTS

TIE STUTE

CRASB VICTIM:  OSTH PERCEWTILE MALE

JOINTY PARAMETERS

JOL¥T 0. ) - ELBY
JOINY ANGLES (DEG) TOTAL YOBQUE ¢ IN.

(MSEC) IPIN FLETURE AZINUTH TORSION SPRING VISCOOS

0.000

0.500

0.750

1.000

1.500

2.000

3.000

1.000

5.000

8.000

7.000

8.000

9.000
10.000
11.000
12.000
13.000
14,000
15.000
16.000
17.000
18.000
19.000
20.000
11.000
22.000
23.000
24.000
25.000
16.000
27.000
28.000
20.000
30.900
31.000
32.000
33.000
34.000
35.000
36.000
37.000
38.000
19.000
10.000

87.100 180.000  0.000 0.000  0.000
87,180 180.000  0.000 0.000 0.000
§7.188 -180.000  0.000 0.000 0.000
47.166 -180.000  0.000 0.000 0.000
67.180 -(80.000  0.000 0.000 0.000
67.172 -180.000  0.000 0.000  0.000
67.149 -180.000  0.000 0.000  0.000
67.116 -180.000  0.000 0.000  0.000
67.073 -180.000 0,000 0.000  0.000
67.021 -180.000  0.000 0.000  0.000
86.950 -100.000  0.000 0.000  0.000
60.988 -160.000  0.000 0.000 0.000
£6.808 -180.000 0,000 0.000 0,000
06,720 -180.¢00  0.000 0.000  0.000
£6.82% ~1A0. 000  0.000 0.000  0.000
66.517 -180.000  0.00v 0.000 0.000
66.403 -180.000  0.000 0.000  0.000
66.780 -180.000  0.000 0.000 0,000
66.140 ~180.000  0.000 0.000  0.000
66.010 -180.000  0.000 0.000  0.000
65.862 -180.000  0.000 0.006  0.000
65.706 -180.000  0.000 0.000  0.000
65.542 -190.000  0.000 0.000  0.000
05.360 -180.000  0.000 0.000  0.000
65.189 -180.000  0.000 0.000 0000
65.001 -180.000  0.000 0.000  0.000
64.805 -180.000  0.000 0.000  0.000
84.801 -180.000  0.000 0.000  0.000
64.390 -180.000  0.000 0.000  0.000
64,171 -180.000  0.000 0.000  0.000
63.945 -180.000  0.000 0.000  0.000
$3.713 -180.000 -0.001 0.000  0.000
63.474 -179.999  -0.001 0.000  0.000
63.230 -179.999  -0.001 0.000  0.000
62.980 -179.090  -0.002 0.000  0.000
62.72¢ -170.909  -0.002 0.000  0.000
62.464 -179.008 - -0.002 0.000  0.000
61.200 -179.998 -0.003 0.000 . 0.000
61.93¢ -179.098 -0.003 0.000  0.000
61.666 -179.008  -0.00) 0.000  0.000
81.395 -170.997  -0.004 0,000 0.000
61,177 -179.987  -0.0M 0.000  0.000
60.847 -179.907  -0.004 0.000  0.000
60.570 -179.906  -0.00% 0.000 0.000

LB.)
RES.

0.000
0.000
0.000
0.000
0.8%0
0.000
0.000
0.00¢
0.000
0.000
0.000
0.000
¢.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

242

PAGE: 22.01

PAGE

I




DATE:

BUB DESCRIPTION:

VEHICLE DECELERATION:

1
(MSEC)

000G
0.500
0.750
1.0%0
1.500
1.000
3.000
4.000
5.000
6.000
7.000
8.000

9.000
10.6C0
1000
12.000
13.000
14,000
15.000
16.000
17.000
18.000
19.000
20.000

12.000
21.000
24.000
25.000
26,00
27.000
28.000
29.000
30.000
31000
32.000
33.000
34000
15,000
38.000
37.000
19 090
19.900
40.000

CRASH VICTIN:

FEB, 4, 088
EIANPLE 2:

DYNAMIC JOIWY TEST
SLIP JOINT / 600 XNOT WIND

CONSTAYT WIND VELOCITT OF 600 K¥OTS
9518 PERCENTILE MALE

SEGWENT WIND FOBCE ( LB.)

RES

.885
338
i
208
1Y
198
1?2
[2Y]
998
.888
8125
.166
M3
.666
624
.589
.560
.538
.53
516
516
5uU
541
.567
.602
.648
704
m
.852
94
050
169
303
451
615
706
094
200
12
691
083
254
568

SEGMEVY ¥O. | - LARM
1 GR¥D REFESENCE
X ! 7
0.000  0.000  1.885 1
0.000  0.000 §2.338 91,
0.000 0.000 91.313 92,
0.000  0.000 92.268 92
0.000  0.000 92.24z 92,
0.000 0.000 92.188 92
0.000  0.000 92,113 9.
0.000  0.000 92.032 92
0.000  0.000 91.958 9
0.000 0.000 91.888 9i
0.000  0.000 91.825 91,
0.000 0.000 01.766 91
0.000  0.000 §1.MY 9L
0.000 0.000 01.686 91
9,000 0.000 9i.624 9l
0.000  0.000 91.589 9Ol
0.900  0.000 §1.560 9}
0.000  0.000 1.5} 9l
0.000  0.000 91.523 9}
0.000 009 9).516 0!
0.090  0.000 91.516 Q!
0.000  0.000 §1.52¢4 9l
5.000  0.000 91.5¢1 9t
9000  0.000 91.567 9
0.000  0.000 91652 9
0.000  0.000 01.648 9
0.000  0.000 91.704 9).
0.000  0.000 91.777 90l
0.000  0.000 91.852 9
0.090  0.000 91.044 9l
0.000  0.000 92.050 92,
0.000  0.000 92.1690 92.
0.000  0.000 92.303 92,
0.000  0.000 92.¢51 92
0.000  0.000 91.815 52,
0.000  0.000 Q2.796 2.
0.000  0.000 92.994 92,
0.000  0.000 33.200 93
0000 0.000 83442 93,
03 0.000 93.603 9.
0.000  0.000 93.963 93,
0.007  0.000 94.25¢ O
0.000  0.000 0V.566 9.
0.600  0.000  94.900 QU

900

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
¢.00¢
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.009
0.000
0.000
0.00¢
0.000
0.000
0.000
0.000
0.000
0.000

SEGMEXT §O.
IN ORV® EFEBENCE

Y

0.000
0 000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0,000

243

A

117.584
18.78)
8.775
28.768
18.752
28,738
28.702
28.667
28.632
28.599
23.798
23.765
3.1
13.699
23.666
23.637
23.597
23.563
23.529
23.494
23.460
2340
23.304
23.361
23.330
23,299
13.269
23.2140
2.1
2.8
23.162
20.825
10.806
20.789
20.713
20.758
16.138
16.127
18.119
16.113
16.108
16.103
16.100
18.097

1 - OARN

BES

117,584
18.783
28.717%
28.768
18.752
8.735
28,702
18,667
28,632
28.595
23.708
23.765
23,713
13.699
13.666
13.632
23,507
23.56)
13.520
13.49¢
23.460
3.4
13.394
23.61
13.330
23.299
23.169
3.0
3.3
23.187
23.102
20.825
20.808
20,780
20.113
20.758
16.136
16.127
16.119
16.113
18.108
16.103
16.100
16.007

PAGE
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paTE:
BUR DESCRIPTION:

VEHICLE DECELERATION:
CRASH VICTIN:

T JOT¥T FORCE ( LB. 10es3)

(MSEC) 1
0.000 -0.007
0.500 0.022
0.750 0.022
§.000 0.022
1.500 0.022
2.000 0.023
3.000 0.023
1.000 0.023
5.000 0.02]
8.000 0.023
7.000 0.022
8.000 0.027
9.000 0.027
10.000 0.022
11.000 0.023
12.000 0.023
13.000 0.023
14.000 0.024
15.000 0.024
16.000 0.025
17.000 0.025
18.000 0.026
19.000 0.027
20.000 0.027
21,000 0.028
22.000 0.020
23.000 0.030
24.000 0.030
25.000 0.031
26.000 0.032
21.000 0.034
28.000 0.002
20.000 0.034

30.000 0.035
11.000 0.038
32.000 0.038

33.000 0.03¢
34.000 0.038
35.000 0.038
36.000 0.040
37.000 0.041
38.000 0.004
39.000 0.048
§0.000 0.048

FEB. ¢, 1088

EXANPLE 2: DTWAMIC JOLNY TEST

SLIP JOINT / 600 KNOT WIND PAGE: 24.01
CONSTANY WIND VELOCITY OF 800 KNOTS

9514 PERCENTILE MALE

ELBY JOINT FORCES & TOBQUES OF UARM IN LARM REFERENCE

JOINT TOBQUE ( IN.- LB. 10142)
| f [/ ¢ ' Z

0.000  0.000 0.000D¢00  0.000D+00  0.000D+00
0.000  0.000 0.000D+00  0.0000000  0.000D+00
0.000  0.000 0.0000+00  0.000D+00  0.0000+00
0.000 0.000 0.0000000  0.000D000  0.000D100
0.000  0.000 0.000D+00  0.0000¢00  0.0000+00
0.000 0.000 0.0000000  0.000D100  0.000D+00
0.000  0.000 0.0000+00 0.000D+00  0.000D+00
0.000  0.000 0.0000400  0.0000¢00  0.0000+00
0.000  0.000 0.0000+00  0.000D+00  0.000D+00
0.000  0.000 0.000D+00  0.0000+00  0.0000400
0.000  0.000 0.0000000  0.000D+00  0.000D+00
0.000  0.000 0.0000100  0.0000+00 0.0000¢00
0.000  0.000 0.000D+00  0.000D+00  0.000D+00
0.000  0.000 0.0000¢00 0.0000¢00 0.000D¢00
0.000  0.000 0.0000¢00  0.000D+00  0.000D:00
0.000  0.000 0.0000400  0.0000+00  0.000D+00
0.000 0.000 0.0000¢00  0.0000¢00  0.000D+00
0.000  0.000 0.0000¢00  0.0000+00  0.000D+00
0.000  0.000 0.0000+00  0.0000+00  0.0000+00
0.000  0.000 0.000D+00  0.000D+00  0.000D+00
0.000  0.000 0.0000¢00  0.000D+00  0.000D+00
0.000 0.000 0.000D+00  0.0000+00  0.000D+00
0.000  0.000 0.000D+00  0.000D+00  0.0000+00
0.000  0.000 0.0000+¢00  0.000D40G  0.0000+00
0.000  0.000 0.0000000  0.0000400 0.000D+00
0.000  0.000 0.0000400  0.0000+00  0.0000100
0.000  0.000 0.0000+00  0.0000400  0.000D+00
0.000  0.000 0.0000+00  0.0000+00  0.0000+00
0.000  0.000 0.0000000  0.0000+00  0.000D+00
-0.002  0.000 0.000D+00  0.000D+00  0.000D100
0.000  0.000 0.0000000  0.0000¢00  0.000D+00
0.000  0.000 0.0000400  0.000D+00  0.0000+00
0.000  0.000 0.0000000  0.0000+00  0.000D+00
0.000 0.000 0.0000000  0.0000+00  0.0000+00
0.000 0.000 0.000D+00  0.000D+00  0.000D+00
0.000  0.000 0.0000000  0.0000+00 ©0.0000+00
0.000  0.000 0.0000000  0.0000+00  0.0000+00
0.000 0.000 0.000D+00  0.0000400 0.000D+00
0.000 0.000 "0:000000q  0.000D+00  0.0000000
0.000  0.000 0.0000¢00  0.0000400  0.000D+00
0.000  0.000 0.0000000  0.0000400  0.000D+00
0.000  0.000 0.000D+00  0.0000000  0.000D200
0.000  0.000 0.0000+06  0.0000000 0.000D:00
0.000  0.000 0.0000+00  0.000D+00  0.0000+00
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TLAPSED CPU TIME - 30.01 $ECONDS PAGE 20
sup CaLLS THIE 1
WALYID ! 17 1.52
1HPUY ) i 1.42
CHAIN 192 A 1,20
EJDINT 192 3 0.10
DINT n 13 4.83
POAUR FALl 123 3.98
DAU 191 86 1.18
SETURI 181 L 1.49
corrcr 194 1 0.7
UL 382 2100 69.23
vise 181 n 2.3
SETUP2 191 8 0.19
DAt 191 3 1.00
DAUK1? 191 ! 0.03
0AYx22 N ? 0.29
PSIGOL 191 2 0.71
OUTRUT " % 2.56
UPDATE 43 3 0.10
ozp 190 1 1.36
POSTPR i 166 5.0

10TAL 3001 100.00
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